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2gs^A^0S TRACT  ( Continue  on  revere*  eld*  It  neceeeary  and  Identity  by  block  number) 

SSFAN  is  a steady  state  hydraulic  flow  and  pressure  analysis  computer 
program.  Its  primary  purpose  is  to  analyze  non-linear  resistance  aircraft 
hydraulic  systems.  The  program  handles  complex  flow  networks  containing  flow 
and/or  pressure  discontinuities  such  as  unbalanced  area  actuators  and  check 
valves.  Solutions  for  a combination  of  simultaneously  operating  subsystems 
are  easily  obtained.  The  program  is  designed  using  a building  block  approach 
so  that  new  component  or  element  models  may  be  added  with  minimum  change  to  
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the  main  program.  The  solution  method  is  a Matrix  type,  using  iteration  to 
obtain  a final  flow  and  pressure  balance.  The  program  internally  corrects 
viscosities  for  pressure,  determines  whether  flow  is  laminar,  transition  or 
turbulent  for  use  of  appropriate  resistance  factors  and  corrects  reservoir 
pressure  for  altitude  effects. 

The  program  was  written  with  the  aircraft  hydraulic  system  designer  in 
mind.  The  terminology  and  units  are  commonly  used  terms  such  as  fluid 
viscosity  in  centistok.es,  temperatures  ir.  degrees  Fahrenheit  and  flow  in 
gallons  per  minute.  Conversion  of  units  for  calculation  is  accomplished 
internally  in  the  program. 
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1.0  INTRODUCTION 


3SFAN  is  a computer  program  developed  to  analyze  the  steady  state 
flows  in  a closed  aircraft  hydraulic  system;  i.e.  where  the  fluid  leaving 
the  pump  circulates  through  the  system  and  returns  to  the  suction  inlet  of 
the  pump,  either  via  a reservoir,  or  by  direct  line  return,  or  both.  The 
program  can  be  used  to  predict  the  steady-state  subsystem  performance,  such 
as  flight  control  surface  rates  (under  load  as  well  as  no  load),  flap  and 
landing  gear  extend  and  retract  times,  hydraulic-motor-driven  gatling-gun 
firing  rate,  flows  and  pressures  at  any  point  in  the  system,  etc.  The 
performance  is  predicted  based  on  operating  any  combination  of  subsystems 
simultaneously. 

The  solution  method  used  in  SSFAN  is  based  on  a one  dimensional  steady 
state  flow  throughout  the  network  of  branch  legs  in  the  system. 

SSFAN  is  coded  in  FORTRAN  IV  and  currently  operable  on  the 
CDC  6500/6600. 

SSFAN  may  be  used  as  an  analytical  program  to  analyze  an  existing  system 
with  all  the  detail  components  accounted  for  in  the  analysis. 

It  may  also  be  used  as  an  advanced  design  or  preliminary  design  tool 
to  analyze  and  update  new  system  designs  as  they  are  established. 
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1. 1 General  System  Description 

The  system  to  be  analyzed  is  first  diagrammed  as  shown  in  Figure  1-1. 
Junction  points  are  added  and  numbered.  Each  component  or  element  in  the 
system  is  defined  by  its  physical  characteristics  and  junction  point  numbers 
for  input  into  SSFAN. 

1.2  Solution  Technique 

SSFAN  sorts  the  input  data  into  branch  legs  from  the  junction  point 
numbers  and  establishes  continuity  throughout  the  system.  There  is  a branch 
point  or  end  point  at  the  end  of  each  leg.  Branch  leg  resistances  are 
calculated  and  summed  for  all  the  elements  within  the  leg. 

Pressure  points  are  established  at  each  end  of  the  leg.  Fluid  viscosity 
is  internally  corrected  for  pressure  in  each  leg  by  taking  the  average  leg 
pressure  and  using  this  for  the  viscosity  correction  pressure. 

The  Reynolds  number  is  calculated  for  each  leg.  Flow  is  determined 
to  be  laminar,  transition  or  turbulent.  Appropriate  resistance  factors  are 
used  for  each  flow  condition  to  calculate  the  pressure  drop  or  resistances 
of  each  leg. 

This  resistance  is  temporarily  assumed  to  be  linear  to  use  the  Matrix 
solution  technique  in  calculating  pressures  at  all  branch  points  in  the  system 
where  ^ 12  “ ^12 

T 

= Resistance  from  end  1 to  end  2 of  the  leg 

Pl2  - Pressure  drop  from  end  1 to  end  2 of  the  leg 

Q = Flow  in  the  leg 
Conductance  is  then  defined  as 

g12  = JL 

R12 

where  = Conductance  from  end  1 to  end  2 of  the  leg 
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FIGURE  11 

EXAMPLE  HYDRAULIC  SYSTEM 


then 


Q * g12  p12 


TTie  net  flow  at  any  branch  point  (where  three  or  more  legs  come  together) 
must  be  zero. 

Therefore  the  flow  requirement  is  satisfied  if 

= Gu  (pi  - G*  iPu'  0 

J K. 

where 

Pj  = pressure  at  branch  point  I 

Pj  = pressure  at  branch  point  J 

APjj  ■ a pressure  rise  or  loss  (from  a pump  or  actuator) 
in  branch  leg  IJ 

Qjjj.  ■=  Filed  flow  in  branch  leg  IK  connected  to 
branch  point  I 

Equations  of  the  above  form  are  input  to  the  Matrix  for  solution  of  pressures 
at  branch  points.  These  matrix  solution  pressures  are  used  in  conjunction 
with  the  calculated  conductance (G)  to  calculate  a new  flow  guess  in  each  leg. 
’//hen  two  successive  flow  guesses  for  all  branch  legs  in  the  system  are  within 
a specific  tolerance  such  as  .001  ppm,  the  solution  has  converged.  Gee 
Volume  II  for  a detailed  discussion  of  the  solution  technique, 
i. 3 General  Program  Operation  Tescription 

The  general  SSFAN  flow  chart  is  shown  in  Figure  1-2.  As  the  data  is 
read  into  the  program,  it  is  sorted  and  stored  in  the  appropriate  element 
array,  iome  element  data  such  as  tubing  bends  are  calculated  for  equivalent 
lengths  as  the  data  is  read  in.  The  total  equivalent  length  of  the  bends 
for  the  tube  is  then  stored  in  the  array. 

The  pump  is  established  as  the  first  component  in  the  system,  unless 
an  accumulator  is  designated  as  the  pressure  source.  A search  routine 
then  searches  the  element  data  arrays  and  establishes  system  continuity 
for  the  total  system.  If  system  continuity  cannot  be  established,  error 
messages  are  output  and  the  run  stops.  The  branch  leg  resistances  are 
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established  as  the  continuity  search  is  made. 

A branch  leg  array  is  established  containing  all  the  active  branch 
legs.  An  initial  flow  guess  is  made  for  each  leg  in  the  system  and  pressures 
are  then  calculated  at  each  branch  point  in  the  system  using  a Matrix  solution. 
A new  flow  is  calculated  using  the  previous  guessed  flow  and  the  new  flow 
calculated  using  the  matrix  solution  pressures.  This  iteration  procedure 
continues  until  the  flows  in  all  the  system  legs  have  converged  to  the 
desired  tolerance. 

The  data  is  then  output  in  one  more  of  the  available  output  types. 

1.^  Program  Limitations 

The  following  limitations  apply  to  the  current  SSFAN  program. 

(1)  Maximum  number  of  pumps  k 

(?)  Maximum  number  of  reservoirs  1 

(3)  Maximum  tube  ar  fitting  size  3 inch 


2.0  PROGRAM  INPUT 


Preparation  of  data  for  input  into  SSFAN  consists  of  four  basic  steps: 

(1)  The  user  must  draw  a schematic  block  diagram  of  his  system  with  all 
elements  shown;  (2)  the  schematic  is  numbered  at  all  "in"  and  "out"  junctions 
of  the  elements;  (3)  the  system  and  fluid  parameters  such  as  fluid  name, 
viscosity,  density,  system  operating  temperature  along  with  the  program 
title  and  data  output  are  selected:  and  (4)  each  element  is  described 

with  appropriate  "in"  and  "out"  junctions  along  with  other  physical  data 
describing  the  element. 

2 . 1 Data  Preparation 

2.1.1  Schematic  Block  Diagram 

The  partial  system  schematic  block  diagram  of  Figure  2-1  shows  how  the 
system  is  to  be  diagrammed.  It  may  be  desirable  to  make  the  diagram  blocks 
large  enough  to  add  additional  reference  data  such  as  tube  wall  thickness, 
check  valve  cracking  pressure,  etc. 

The  system  to  be  described  may  be  visualized  as  shown  in  Figure  2-2. 

The  elements  of  the  system  are  looked  at  as  if  they  are  disassembled  for 
preparation  of  the  schematic  block  diagram. 

2.1.2  Junction  Point  Numbering 

The  point  at  which  two  elements  meet  is  called  a junction  or  junction 
point.  These  junctions  are  numbered  using  the  series  of  numbers  from  1 to 
9999.  It  is  reconmended  that  an  orderly  sequence  of  numbering  be  used, 
preferably  skipping  numbers,  so  that  if  changes  are  made  later,  the  new  element 
numbers  can  be  inserted  in  the  corresponding  sequence  and  will  be  easy  to 
locate.  It  should  be  noted  that  this  is  not  required  for  the  computer  program, 
but  is  recommended  for  the  users  own  benefit. 

Figure  2-1  illustrates  a typical  numbering  of  junction  points.  There  are 
three  junction  points  for  the  hydraulic  pump  (5,  10  and  15),  two  junction 
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FIGURE  2-1 

SSFAN  PROGRAM  - PARTIAL  SYSTEM  BLOCK  DIAGRAM 
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points  for  the  -12  union  at  the  pump  pressure  port  (10  and  25)  and  two  junction 
points  for  the  -12  check  valve  (30  and  35). 

It  is  required  that  all  junction  points  be  numbered  and  that  no  two 
junction  points  have  the  same  number. 

These  "in"  and  "out"  junction  points  are  required  data  for  the  individual 
element  data  inputs  described  later. 

The  program  uses  these  junction  points  to  internally  locate  each  element, 
assemble  the  system  and  assemble  the  resistances  for  each  branch  leg  in  the 
system. 

2.1.3  System  Parameters 

The  system  parameters  are  the  first  data  cards  to  be  assembled  in  the 
data  deck,  and  these  six  cards  are  required  to  be  in  a particular  order  as 


noted  below. 
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2. 1.3.1  Card  1 - Title  Card 

The  title  card  allows  80  characters  to  name  the  system  being  analyzed. 
This  title  will  appear  on  all  pages  of  output  data.  If  a title  is  not  given, 


a blank  card  must  be  Inserted. 
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1 I I I I I I I I I'l  I I I I I I I I 1'1  I I I I 

i i 

2 2 2 2 2 2 2 2 2 2*2  2 2 2 2 2 2 2 2 2'2  2 2 2 2 

i i 

1 3 3 3 3 3 J 3 J 3;J  3 3 J 3 3 3 3 3 J;J  3 3 3 3 
44444  *.  444  4'4  44444444  4'4  4444 

■i  ii  .1  ;i  I.  It  l:  II  Ii  tiill  Ii  il  tl  i*  i)  i i|l  ii  II  '1 11 

b i b b b b b b b bb  b b b b 3 b b b b b b b b b 

I I 

. S C C 6 G G G G g'»  G 5 6 S ii  6 G 6 G'S  6 G 6 6 

i i 

I II  11  I !?  1 PI  1 ) 1 1 II  I 1 1»1  I 1 1)  ; 

i i 

383883888  8 *9  338888688 '8  8886 


1 9 9 8 b|,  9 b 9 9,3  9 9 9 9|J  9 3 9 9,9  9 9 9 3,3  9 9 9 9 iS  9 9 9 9 

■ . .1  ii  4 .1  II  I.  . II  II  .1  i.  II  II  II  '.I  i I II  I i >1  t,  i|  -|  || 


2. 1.3. 2 Card  2 - Fluid  Name 


This  card  is  used  to  name  the  particular  type  fluid  to  be  printed  on  the 
output  data.  Fluid  names  typically  are  MIL-H-5606A,  MIL-H-5606B,  MIL-H-83282, 
SKYDROL  500B,  etc.  If  a fluid  name  is  not  given,  a blank  card  must  be  inserted. 


COLUMNS 

FORMAT 

DATA 

DIMENSIONS 

1-80 

8A10 

(NAME  OF  FLUID) 

— 

EXAMPLE  CARD  2 
Fluid  Name  Data 


/ 


-1H 

I I I 
I II  I 


>»  j . nit  - »si  :j  j j.  v.  !c  i;  a <) a*  45  a.  41 .)  13  30  31  3:  ;i  54  aa  66  a.  59  ao  t>  t:  61  64 


nM 


I 1 I Mil  II  I 


M M I I M M 
2 


7 1 J 2 7 2 1 1 2 i|?  2 2 7 ’ 2 2 1 
: 3 1 3 K 3 3 3 .!»  3 3 jj'j  1 ) l 2 


IIIMiill 

j * . J • » i ;j 

b 1 b i'i|  i a 


I 4 4 4 4 M 4 a 4 


I I M 1,1  i ) ! I 

I M l|4  4 ! I < 


4 1 i j 8 c 3 • d 


u.  <r  m o 7)  2>  2? 

3 2 * 21  20  2 1 2t  29  JC 

K 12  11  14  11  Mi  12 

90  19  40  4 1 42  41  44 

UUOilO'OOCOO 

00000C000Q 

(ioooo;ooooc 

0 0 0 0 0 0 Q 0 0 C 

. . h! : : li  ?i  j. 

>i  JJ  )j  :i  Jijtt  v ii  n u 

ai  a.  aj  a*  a,, a.  li  41 41  al 

I it  11  14  13 | M SI  il  11  4: 

I 'i  ! 1 I I 1 1 1 1 

i 

1 1 11  111  1 1 1 
i 

II  II  ijl  II  II 

1 1 1 1 1;1  1 1 1 1 

7 7 7 } 772777 

i 

7 2 7 7 ?'?  7 7 7 7 

i 

2 2 2 2 2*2  2 2 2 2 
1 

2 2 2 2 ?'•?  7 7 7 7 

4 

33333.22333 

3333333333 

i 

3333  3*3  3333 
1 

3333  3*3  3333 

i 

i 4 4 4 4 4 4 4 4 4 

4444444444 

: 4 4 4 <!i  4 4 4 4 

i 

1444444444 

• a i .1 

J 4 1 .■  l.‘  . 1*  11  1'  «. 

n 1?  ■:  .i  «:*«  *1  44  ii 

>.  J V4  i.j.4  11  :1  11  k. 

i « r • l i r . 

ai  . - . 3 J J J J J 

b l i 3 : b 1 5 i 5 
1 

i i b b bb  b b b b 
1 

) * S S S'i  S & & j 

i 

' 

al'-i'oGjClGt 

b G C l ;j  6 b 6 6 

1 

uGG6G<GkiGGG 

i 

uGCG6'6GwuG 

il  AIJT  OM  AT ('CMHArsj  Y 

i 

1 1 1 1 l'l  M 1 I 

IIMIIMI 

a 

i n 1 vi  11 1 : 

1 

i ) i ? ?;i  i ? ? i 

• 

Mt!.  88888 

4.888  8888 

» 

C 8 8 8 1 : : J 8 c 
1 

n 2 s s'u  n i 

i 

9933933399 

i 9 9 9 i!s  S 9 9 3 

1 3 9 9 S|9  3 3 9 

•j  j n 3 In  s 8 s 

.'8.i  ; ,i 

. a.  a , ..a'. 

: ..  ...  . A M If  :1  42 

00000,0  0000 

it  ii  it  ii  t>,i*  ii  i : o ni 

M I MM  M M 

i 

ni?!'!!!!! 

i 

miHUU 

■ 

4 1 4 4 4’4  4 4 4 4 

*:  a;  u li  a. ,4*  a ai  at  , 

5 5 b 5 S;j  5 5 b i 
J ( 6 ( c;e  t S 6 6 
M m;M  M 1 

8 8 8 8 l'l  S 8 8 8 


00000,90010 

M II  II  II  II, 'I  ,,  II  'I  IJ 

II  II  M M M 

2 2 2 2 2'?  2 2 ? 2 
a 

nin'ijm 

• 

I 

14444(4444 

ii  •!  , i.'  a ii  ,i  ii  h 

b 5 b 5 b|b  5 b b b 

i 

6GCGES6S6S 

a 

M 1 MM  M M 

I 

8 I 8 S 8 J 8 II  I 


|J  3 9 3 9,3  9 3 9 3|)  3 9 9 9i9  9 9 I I 

•a  ai  a.  a:  J ta «,  a,  a a:  ,i  a i a >i  -a  'a  t* 
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2. 1.3. 3 Cards  3 and  4 - Viscosity-Temperature 


The  selected  fluid  of  2. 1.3. 2 requires  appropriate  viscosity-temperature 
data.  Table  2-1  gives  some  suggested  viscosities  for  typical  aircraft  hydraulic 
fluids.  Input  viscosities  to  SSFAN  are  at  atmospheric  pressure.  Viscosity  and 
temperature  units  are  centistokee  and  degrees  Fahrenheit  respectively.  It 
should  be  noted  that  viscosity  values  are  not  consistent  between  literature 
sources,  therefore  the  user  is  free  to  select  and  use  his  own  desired  viscosity 
data . 

TABLE  2-1 

Viscosity-Temperature  Data 


TEMPERATURE 

VISCOSITY  (CENTISTOKES) 

(DEG  F) 

MIL-H-5606A 

MIL-H-83282 

SKYDR0L  500B 

MIL-H-5606B 

-65 

2000.0 

11500.0 

3500.0 

2000.0 

-40 

385.0 

2022.0 

600.0 

488.0 

0 

130.0 

270.0 

155.0 

135.0 

50 

36.0 

49.0 

36.0 

35.0 

100 

14.6 

16.0 

11.75 

14.5 

150 

7.7 

7.5 

7.0 

7.5 

200 

4.8 

4.3 

4.2 

4.6 

250 

mm 

2.85 

2.9 

3.2 

300 

mm 

2.05 

2.15 

2.4 

Input  Data  on  Cards  3 and  4 are  used  to  describe  the  viscosity-temperature 
points.  Column  1 on  Card  3 and  Card  4 contain  the  same  integer  number  which 
is  the  number  of  viscosity-temperature  points  to  be  input  with  a minimum  of  2 
and  a maximum  of  9. 

Card  3 contains  a viscosity  at  a point  while  Card  4 contains  the  corresponding 
temperature  at  the  point. 

Viscosities  and  temperatures  must  be  in  corresponding  fields  on  their 
respective  cards.  The  temperatures  must  be  input  in  ascending  order. 
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COLUMNS 


FORMAT 


DATA 


DIMENSIONS 


1 

11 

2 MIN 

NUMBER  OF  DATA  PTS  „ 

y MAX 

— 

2-8 

7X 

BLANK 

— 

9-16 

F8.3 

VISCOSITY  1 

CENTISTOKES 

17-24 

F8.3 

" 2 

tf 

25-32 

F8.3 

" 3 

If 

33-40 

F8.3 

" 4 

tl 

41-48 

F8.3 

" 5 

tt 

49-56 

F8.3 

" 6 

It 

57-64 

F8.3 

" 7 

tt 

65-72 

F8.3 

" 8 

tt 

73-80 

F8.3 

" 9 

It 

EXAMPLE  CARD  3 
Viscosity  Data 


2000. 


I 


433. 

...  I 


1 35 . 

I 


3S. 


I'.l  tl  iJ  t«  Ys 


14.5 


hnu'.n  «r 


4 , S 

It  3i 


3.2 

I 


3)  3«  33  3.  i.  3 tl  if  t. 


2.4 


0 C 0 0 0 

1 I I 1 1 

1 I 1 1 1 


I 


: 13  ?3  Js  >i  Jl  J.  Jl  33  3 17  37  •. 


7222? 

3 13  33 


4 : m i 

' ! I I 1 

5 5 15  5 


6 6 6 6 C 

inn 

9 13  8 8 
I 9 9 9 3 


0 0 0 8 III  0 S 0;3  C 0 0 3 

« it.  i ' 

Mill 


7 3 7 | ? 
1 3 3 3 1 


II  I I I 
7 7 7 7 7 
3 3 1 3 3 


4 4 4 <<44<44 

tilt 


5 5 5 5 5 


lllll 
7 7 7 7 7 


17  U 0 (I  1'j  0 0 0 0 

1 : i \l  II  )■  i 

I ! M 1 1 I II  I 


7 7 2 7 ?;2  7 7 2 2 
3 3 3 3 |.l  3 3 3 l(  >(3  3 
<| 4 4 II  4 4 4 II  J 4 4 4 

i . ii  i •••  ■ !>•*• 

5 5 5 5 5 J 5 5 5 5'5|.i  5 5 


0 0 0 9 O'O  0 0 0 C|1  0 0 0 s;o  0 0 0 0 

ii  it  ii  >1  ,i 

Mill 


II  I I I 
???.’? 

33|| 


1 4 4 4 4 

n u n ,i 

5 5 5 1 5 


5 5 5 5 5 
3 6 5 5 C 
lllll 

| ; | ; | 

9 0 8 S Mil  S 8 1 3||||9  3 9 I 14  8|  1 3 8 I I 0 1 

0 9 9 nil  ! 3 3 3 0 5 3 3 5.1  3 3 3 j’|3  3 9 ?!l  " 3 3 9 


6 6 6 5 3 3 5 D ' 5 6 G 5 6 j P 6 6 G H 5 0 G 6 

M iVOO.'ONtLL  AUTOMATION 


ii  i '.i  :t  a i * <:  i! « 


I I 11  I 


Iiiii 


3 7 3 7 3 
3 3 3 3 3 


(4444 

■ "ii,  Pi 

3 5 5 5 5 


6 G t 6 6 


7 3 7 7 7 
7 1 1 3 1 

1 | 4 4 4 

* * 4 .1  4 

5 5 5 |5 
P P 6 6 6 


COMf'.WV 

1 1 1 7 111  7 1 11 


9 9 7 8 8 ,1  8 1 8 8 
9 1 9 9^3  9 9 9 : 


7 3 7 7 7 
3 3 3 3 | 


4 4 4 4 4 


*1  ’1  * 1 «' 

9 0 9 9 9 


«'  «<  4 47  49  I 


•4  94  .4  'J  5»  51  M * 


lllll 
77777 
1 3 3 3 3 


1114 


5 5 3 '•  oji  5 5 3 5 

( 6 i 3 f 
l)l| 

3 C f P |j-  3 8 I r 

3 9 9 3 9 3 7 ' 3 3 


' 5 6 6 5 

lllll 


3 0 0 C 8 0 0 0 0 0;0  0 0 0 8 0 0 0 0 O'O  0 0 0 9 


I V II  ■ P| 

lllll 


3 7 7 2 7 
3 ' I 3 3 


4(414 

/ • 1 ;1  4.* 

5 5 5 5 S 


6 6 el 


1 ...  n 1. 1 h ..  11 11  1 


11  1 1 i'll  1 m 


’i  .i  11  .ii 


1 1 1 11 


2 7 2 7 ?'?(  ? 7 7 7 ?|  7 7 


13331(3333 


3 3 3 (3 


7 2 2 2 2 
1 3 3 3 3 


4 4 4 4 4 4 4 4 4 i't  4 4 4 | 


1: ii  1 1*1  r 11 1 

5 5 5 5 I’)  3 5 5 5 5 5 5 5 


5 E 5 CO  6 6 6 6 5 6 6 G 6 

I 1 I I l[D  1 I 1|1  7 1 7 1 I 1 1 7 1 

! 8 5 8 i(  9 3 8 ! 8 3 l( 8 


9 9' 


>1  II  II  II  l: 

lllll 


4 4 4 4 4 

.|  >1  <i  11 1 

5 5 5 5 5 


6 6 6 6 C 
lllll 

8 3 115 


•3  3 9 S ' 5 3 3 3'3  9 9 3 9 9 9 1 9 


COLUMNS 


FORMAT 


DIMENSIONS 


17-24 


25-32 


33-40 


41-48 


49-56 


57-64 


65-72 


73-80 


NUMBER  OF  DATA  PTS 


BLANK 


TEMPERATURE  1 


2 MIN 


EXAMPLE  CARD  4 


Temperature  Data 


DEG  F 


• i s * •>  i ' « 


6S,  -4  0.  0.  *>0.  1 00.  lYiil.  200.  £*50.  '300. 

« | • i t ••  | r i D | m.v  v.i  I v » ;i  n n ‘i  | m !«<•;  «r«i  « *.i  I'.f  •>  mm  « § •»  «•  «?  «t  ««  | 


*4  V.  *7  * ‘I  •!  I 7 4.  4’  4 1 44  44  4 47  44  44  ' 


o?ooc:30oo3ooaFi)'3on|t)'nnoo|iooDDoiDo|,|)oaooj||oo,30ooo'|ooco;ao||3oo30cl3|oooaoo||.aoD(o 


? I < I'I  ' I I 1 111:.  II 


1 'I  III  II  II  II  II  i II  I!  II  .1  II  * j , I’  II  II  lltH  I II  i'I.i  II  I 4*  ,1  11  I'  II  .1  (I  *i  II  11  II  Hi  Ii  I ri  f 'I  11  11  li  'I  'I  II  '!  II 


1 1 1 1 i'i  1 1 1 1 1 1 1 1 ci  1 1 n 1 1 u vi  t u i h 1 1 1 ci  1 1 1 i|i  1 1 i!i  i i|i  1 1 1 1 ci  1 1 1 1 1 1 1 1 i'i  1 1 1 1 1 1 1 1 i;i  1 1 1 1 


2 2 2 2 MI  3 2 2 2 2 2 2 2-2  2 2 2 2 2 2 2 i 2'7  7 2 2 1 7 7 7 2 7 7 2 2 2 7 2 7 2 2 2'7  7 2 7 2 2 7 2 1 2 

' i ; ; ; 

J 3 1 J3'3  3 1 3 3 ! 1 13  i'll  33  Hi  3 3 3 ' 1 3 3 3 3 3 3 3 3 1 3 3 3 1 3 3 3 3 1 3'3  3 3 1J  3 1 3 3 3 


2|  2 2 7 2 7 2 2|  2 2 7 2 2 2 2 2 2 2;2  7 2 2 2 
n 2 ]|  n ] n n|2 ) 2 :|  3 i'i  n 3 3 


tiii'i.iiui  uit:  u|M{it  lieu  mi  : i ii 


1111,1  I 


I*  4 4 1 4.4  4 4 4 4 

'll  I*  Il  11  l.jl  I II II  I 


1 I 8 4 4|4  4 * 8 4 I 4 4 4 1.4  4 4 4 4;M  4 4 4 I 4 4 4 4 4 4 4 4 4 

■ I it  n il  l ,*  ; ,1  ' I 7'  71  !»  It!  1.  I,  I'  1 .1  I II  ‘I  I ■ 'I  :l  'll  II  *i  i r 


S S 5 Si'SSS  S ill  5 i Vi  i iS  •*!.*  i 5 ■>  8 j i S i 5'i  i | j S'5  i i i J J 5 5 5 i'i  J 5 i I i 5 5 5 S'J  5 S S 5 J 5 5 S ll  5 5 5 5 S 5 5 5 5'S  S S 5 S 


5 1 1 5 l-S  * S S |;3  t t C 0 '5  6 8 t t!i  ; t ( 5-5  s ri  t l Is  ; S « 3 • 

1 I MCDCINNti.  L t.UTOKIATIUN 

1 1 1 1 IT  1 1 1 1 I 1 1 I I'I  1 1 2 M'  1 I 1 IT  1 11  111  I 1 2 !'• 


5 r,  F 6 E'o  6 E 6 C 

C ’;17. ' -7yl  V V | 

1 1 1 1 ill  1 1 1 I 


C 6 6 C 5 6 6 E 8 E ' 8 8 fi  £ 8 8 3 S 6 S S 8 • 6 G 8 8 6 6 8 8 8 


1 1 1 I I II  I I IT  I 1 1 I 1 1 I 1 IT  I i 1 1,1  I I 1 IT  1 1 1 1 


9 3 8 8 6 J ! 8 3 8 j|3  B 88  3 3 il  E 3 3 8 8 |i  8 3 9'3  3 3 B|l  B 3 I EI8  8 B|s 

. ; : i I : 

lllHIIIHillillin  '.ii  i 1 5 3,1  1 1 3 9*3  3 1 3 9 3 3 1 3 913  2 3 1 9 


3 0 3 8 Ei8  8 8 1 j'j  8 8 8 8 'If  3 "'i  3 B 8 1 8 8 8 8 j'"  8 1 8 8,8  8 3 8 it  I I 8 8 


3 9 3 7 ' 9 " i 9 3 9 3 9 9|?  5 3 3 9 9 9 9 c 3 9 9 9 3 9 9 9 9 i 


2.1. 3.4  Card  5 - Density-Temperature  and  Viscosity 

Density-Temperature  - The  density  of  the  selected  fluid  Is  input  for  2 
points  only  since  density  is  considered  to  change  linearly  with  temperature. 
Usually  these  are  given  at  extreme  temperatures,  but  any  2 reasonably  spaced 
temperatures  will  do  since  interpolation  is  linear  and  linear  extrapolation 
is  allowed.  Table  2-2  gives  some  suggested  aircraft  hydraulic  fluid  densities 
at  atmospheric  pressure. 


TABLE  2-2 

Density-Temperature 


TEMPERATURE 

DENSITY  (LB/FT3) 

(DEG  F) 

MIL-H-5606A 

MIL-H-83282 

SKYDROL  500B 

MIL-H-5606B 

-65 

56.1 

56.6 

68.8 

57.2 

275 

49.9 

48.6 

59.5 

51.0 

The  input  densities  for  Card  5 are  weight  densities.  The  first  data 
field  density  corresponds  with  the  third  data  field  temperature  and  the  second 
data  field  density  corresponds  with  the  fourth  data  field  temperature. 


CARD  FORMAT 


COLUMNS 

FORMAT 

DATA 

DIMENSIONS 

1-8 

F8.3 

DENSITY  1 

LB/FT3 

9-16 

F8.3 

DENSITY  2 

LB/FT3 

17-24 

F8.3 

TEMPERATURE  1 

DEG  F 

25-32 

F8.3 

TEMPERATURE  2 

DEG  F 

33-80 

— 

BLANK 

— 

EXAMPLE  CARD  5 
DENSITY-TEMPERATURE  DATA 


' 5,\c?  'TFT  -AS.  57*5.  N 

• r | « ' « f ■ t | > If  1 It  ' If.  ’ | I 71)1  r frlinkl  )l  r *)  HU  !4  IMI  n«Q  II4M1M41II  II4M^0S> 


? « « * « 
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i 
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1 
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1 
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1 
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7 7 ? 7 7%  7 7 7 7 

7 7 7 7 l'<7  7 7 7 7 
1 

7 ? ? 7 7<?  | ? J ? 

7 7 7 7 7'7  7 7 7 7 
1 

7 7 7 7 V7  7 7 7 7 
1 

? ? 2 2 7'?  ? 7 7 ? 

i 

7 7 7 7 ?'l  7 7 7 7 
1 

n 2 ??'????  ? 

1 

3 3 3 3 1 3 3 3 3 3 
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i 

1 
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i 
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3 3 3 3 3'3  3 3 3 3 

1 
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1 

44444*44444 

him'uih 

44444>4«44< 

4 4 4 4 < 1 4 4 4 4 

44444*4  4444 

44444  *4  4444 

4414  4,44444 
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i i i i »{•  i • i if 

'•  1 '1  IS  J-*  H '1  »1  7t 

’•  /;  n •*  -|i  :•  .1  h 

:•  17  ll  ii  I'.J'*  l’  l*  i 4f 

4>  47  41  ii  ivjii  ii  ii  ii  •: 

VI  V7  V)  VI  V.,H  ' st  v«  if 
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1 

siijiisnn 

i 
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1 
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b 5 5 5 b;b  b 5 S i 

6 8 6 6 j'l  6 8 t 6 

6 6 6 E 6'6  8 6 E |I6  6 C 8 6'3  B E 6 E 
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fi  B E B E'E  B 8 B 6 
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HIII'IMII 
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1 1 1 r rti  r r i r 
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• r i 
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7 
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1 4 

iimlmii 
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1 » « 
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• i i i « •« 
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4 r 11  14  4.  1 I)  41  ,8 

1*  ‘«-4  9 ' VI  ’ 41 

H 17  |1  tl  M tl  1 M * 

’•ii,  1 • * t* 
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2. 1.3. 5 Card  6 - System  Temperature  Flight  Altitude  and  Data  Output 

The  desired  operating  fluid  temperature  and  flight  altitude  are  input 
on  this  card.  Temperature  is  in  Degrees  Fahrenheit  and  flight  altitude  is 
in  feet.  A zero  flight  altitude  is  sea  level.  The  SSFAN  program  is  also 
capable  of  running  at  temperature  increments  specified  by  the  user.  Finally 
a series  of  number  codes  for  various  types  of  outputs.  See  Section  3 for 
examples  of  the  output  types  listed  below. 


Output 

Code  Number  Description 

(Columns  33-64) 


1 = Element  Input  Data 

2 = Flow  and  Pressure 


3 = Pressures  at  Branch  Points 

and  End  Points 

4 = Selected  Component  Flows 

and  Pressures 


Branch  point  pressures  include  pressures  at  tees,  and  the  inlet  pressure 

to  an  actuator.  End  point  pressures  include  pressures  at  an  accumulator,  the 

pump  suction,  pressure  and  case  drain  ports  and  the  reservoir  internal  and 

bootstrap  port  pressures. 

Array  Output 
Code  Number 
(Columns  65-72) 

1 = Leg  assembly  data,  ILEP  array, 

calculation  parameters  (number  of 
nodes,  number  of  legs),  PQL  array, 

BLEG  array 

2 = PQL  and  BLEG  arrays 

3 = BLEG  array 

The  ILEP  array  contains  the  system  leg  numbers  with  their  up  and 
downstream  node  numbers.  The  PQL  array  has  the  system  pressures  and  any 
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external  flows  to  or  from  a node.  The  BLEG  array  is  used  In  the  steady 
state  computation  and  it  contains  all  the  leg  flow  and  pressure  drop  infor- 
mation. If  2 and  3 are  selected  from  the  array  output  code,  PQL  and  BLEG 
will  be  printed  for  each  iteration  of  the  steady  state  program.  Volume  VI 
of  AFAPL-TR-76-43  Contains  a further  description  of  how  these  arrays  are 
used  and  their  contents. 

Data  field  1 contains  the  system  operating  temperature.  Field  2 and 
3 are  for  the  final  temperature  and  temperature  increment.  These  may  be 
left  blank  if  not  used.  Field  4 is  for  the  flight  altitude  in  feet.  A 
blank  or  zero  indicates  sea  level  altitude. 

Data  fields  5 through  8 are  for  selected  type  output  data.  If  field  5 
is  left  blank,  the  output  will  be  types  1 and  2 above.  Any  one,  combination 
of  the  four,  or  all  the  four  type  outputs  may  be  specified.  A suggested 
procedure  is  to  use  output  1 along  with  other  outputs  until  the  input  data 
has  been  verified  to  be  correct. 

The  ninth  data  field  contains  the  output  code  for  the  arrays  listed 
above . 
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COLUMNS 


FORMAT 


DATA 


DIMENSIONS 


1-8 

F8.3 

9-16 

F8.3 

17-24 

F8.3 

25-32 

F8.3 

33-40 

F8.3 

41-48 

F8.3 

49-56 

F8.3 

57-64 

F8.3 

65-72 

F8.3 

TEMPERATURE 


FINAL  TEMPERATURE 


TEMPE  KATLTLE  INCREMENT 


ALTITUDE 


OUTPUT  CODE  NUMBER 


OUTPUT  CODE  NUMBER 
OPTIONAL  1,2.3,  AND  4' 


OUTPUT  CODE  NUMBER 
OPTIONAL  1,2,3,  AND  4 


ARRAY  CODE  NUMBER 


DEG  F 


DEG  F 


DEG  F 


FEET 


Wtwll 


EXAMPLE  CARD  6 


System  Fluid  Temperature  - Altitude  - Output  Data  Type 


3 


2.1.4  Element  Data 


Elements  are  identified  by  numbers  1 through  99  in 
used  components  are  established  as  the  lowest  numbers, 
identification  numbers  is  shown  below.  As  noted,  there 

are  reserved  for  development  of  future  element  models. 

Element  Type  Description  Element  Type 


1 

Tube 

32 

2 

Union 

33 

3 

Check  Valve 

34 

4 

Simple  Actuator 

35 

5 

Pump  Variable  Del. 

36 

6 

Filter  Assy 

37 

7 

Accumulator 

38 

8 

39 

9 

Reservoir- Flow  Ihrough 

40 

10 

Special  (Flow  vs.  AP) 

41 

11 

Hose 

42 

12 

Heat  Exchanger 

43 

13 

44 

14 

^5 

15 

46 

16 

47 

17 

48 

18 

49 

19 

50 

20 

51 

21 

45®  Elbow 

52 

22 

90°  Elbow 

53 

23 

Reducer 

5^ 

24 

Tee 

55 

25 

Cross 

56 

26 

(Reserved  for  Fittings) 

57 

27 

58 

28 

59 

29 

60 

30 

61 

31 

Restrictor-1  Way 

62 

SSFAN.  The  most  commonly 
The  general  system  of 
are  unused  numbers  which 


Description 

Restrictor-2  Way 
Relief  Valve 
Sol.  Valve  (4'W-3P) 
Sol.  Valve  (3W-2P) 
Sol.  Valve  (2W-2P) 


Servo-Actr  (Deleted) 


(Reserved  for  Pumps) 


(Reserved  for  Filter 
Manifolds ) 
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Element  Type  Description 


Element  Type  Descr iptlon 


63  (Reserved) 

64 

65 

66 
6? 

68 

69 

70 

71 

72 

73 

74 

75 

76 

77 

78 

79 

80 


81 

82 

83 

84 

85 

86 

87 

88 

89 

90 

91 

92 

93 

94 

95 

96 

97 

98 


(Reserved ) 


Re se rvoi r-A ppe nd ix 
Reservoir-Constant 
Pressure- 


Individual  element  data  cards  do  not  have  to  be  arranged  in  any  particular 
order,  except  that  if  2 or  more  data  cards  are  required  to  describe  one  element. 
These  cards  do  have  to  be  in  order.  SSFAN  sorts  the  element  data  and  establishes 
continuity  using  the  junction  point  numbers. 

In  the  interest  of  using  terminology  which  is  familiar  to  aircraft  hydraulic 
system  designers  and  minimizing  standard  data  input,  the  convention  of  using 
equivalent  tube  size  is  available  as  an  option.  For  example  the  user  may  input 
for  a tube  either  the  actual  tube  O.D.  in  inches  or  the  equivalent  tube  size  in 
16ths  0f  an  fnch.  The  same  is  true  for  a fitting  internal  bore.  The  actual  fitting 
internal  bore  may  be  input  or  the  equivalent  tube  size  may  be  input.  The  sizes 
and  diameters  listed  below  are  currently  used  in  SSFAN.  The  internal  fitting  bores 
established  are  the  MS33649  and  MS33656  series.  These  may  be  changed  to  any  other 

set  of  standards  desired  by  the  user. 

The  system  tubing  and  fittings  are  limited  to  a 3 inch  maximum 

diameter  or  size. 
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SIZE  OPTION  1 


The  diameters  listed  under  the  "Actual"  columns  below  are  currently 
programmed  into  SSFAN  and  will  be  used  for  calculation  when  the  equivalent 


tube  size  option  is  used.  The  equivalent  tube  size  is  input  in  the  size 
column  for  element  data.  For  example,  when  the  user  inputs  into  a 


e column,  the  program 

uses  a .25  diameter  for  a 

tube  or  a . 172  diameter 

■ a fitting  bore  ar>’  an 

internal  port  diameter. 

Equivalent 

Actual 

Actual  (MS) 

Tube  Size  (16ths  in.) 

Tube  O.D.  (In.) 

Internal  FTG  Bore  (In 

4 

.25 

.172 

5 

.3125 

.234 

6 

.375 

.297 

8 

.50 

.391 

10 

.625 

.484 

12 

.75 

.609 

16 

1.00 

.844 

20 

1.25 

1.078 

24 

1.50 

1.312 

28 

1.75 

1.547 

32 

2.00 

1.781 

40 

2.50 

2.281 

48 

3.00 

2.781 

JIZc.  OPTION  2 

The  user  has  the  option  to  input  directly  a tube  outside  diameter  or 
the  internal  port  or  fitting  bore  diameter. 

The  format  for  all  element  input  data  has  been  established  as  follows: 

(1)  Column  1 of  the  first  data  card  describing  an  element 

contains  the  number  of  cards  (1  or  2)  required  to  describe 
the  element.  This  is  always  an  Integer  (no  decimal 
point  following  the  number). 

(?)  All  other  element  input  data  requires  a decimal  point 
following  the  number  regardless  of  whether  or  not 
the  number  is  a whole  number. 
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2. 1.4.1  Type  1 - Tube 


Junction  1 


Tube  <£ 


A. 


r 


Size 


Junction  2 


Size 


Wall 

Thickness 


ELEMENT  TYPE  1 -TUBE 

A tube  element  is  a rigid  pipe  and  may  have  bends  and  flared  ends.  Also, 
end  nuts  or  "B"  nuts  may  be  attached.  The  tube  element  parameters  are  input 
on  1 or  2 data  cards  depending  on  the  number  of  bends  in  the  tube.  If  A or 
more  bend  angles  are  input,  2 data  cards  are  required. 

Junction  point  numbers  are  the  assigned  numbers  from  the  block  diagram. 
(Example:  230.  and  235.).  Size  is  the  tube  outside  diameter  and  may  be  input 
as  either  option  1 or  2 shown  above. 

Wall  thickness  and  tube  length  are  in  inches.  Tube  length  is  the  length 
of  the  unbent  tube.  Bend  angles  are  in  degrees  and  are  measured  at  the  tube 
center  line  using  the  straight  section  after  a bend  as  a zero  reference  for 
the  next  bend. 

NOTE:  Bend  angles  are  converted  to  equivalent  lengths  as  the  data  is  read 

into  the  program.  Output  Type  1,  see  Figure  3-3,  shows  these  bends  as 
a total  equivalent  length  for  the  bends. 
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CARD  2 FORMAT  (IF  REQUIRED' 


EXAMPLE  1 


TYPE  1 TUBE  INPUT  DATA 


1 DATA  CARD  REQUIRED 
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EXAMPLE  2 


TYPE  1 TUBE  INPUT  DATA 


4 0. 


"•0. 


2 DATA  CARDS  REQUIRED 
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2.1. A. 2 


Tn*  2 - Union 


Sizt  1 and  Silt  2 

Option  1 (Fitting  End  for  Tube  Size  in  16ths  of  an  in.) 

Example:  4 = 0.172  I.D. 

or 

Option  2 (Actual  Fitting  I.D.  at  End  for  Size  1 and  Size  2) 

Example:  0.172  in. 

^ OF740772-6 

ELEMENT  TYPE  2 - UNION 

A union  is  a connector  commonly  used  to  Join  2 tubes  or  Join  a tube  to 
a component  such  as  a valve.  The  union  may  be  a threaded  or  permanent  type 
and  Is  considered  to  be  a constant  diameter  throughout  its  length.  It  should 
/tot  be  confused  with  the  Type  23  reducer  fitting. 

The  number  of  data  cards  required  is  always  1.  Junction  point  numbers 
1 and  2 are  the  assigned  numbers  from  the  block  diagram  (Example:  2A5.  and 
250.).  Size  1 and  Size  2 are  equal  and  reflect  the  fitting  internal  diameter 
as  option  1 or  2 shown  in  the  above  sketch. 
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CARD  FORMAT 


columns 

FORMAT 

TAT/' 

DII‘vr.;i('!!.9 

i 

n 

(NUMBER  OF  CARDS)  1 

— 

2-9 

7X 

BLANK 

— 

9-16 

FP.  3 

(ELEMENT  TYPE)  2 . 

— 

17-2U 

FP.3 

JUNCTION  1 

— 

25-3  2 

F8.3 

JUNCTION  2 

— 

33-^0 

FT.  3 

SIZE  1 

IN.  (See  Options) 

h\-hP 

rfl.  3 

SIZE  2 

ho-  80 

BLANK 

EXAMPLE 


TYPE  2 UNION  INPUT  DATA 


l 


i 1. 

• I 


I 


■v 


' o l ; 


f J 0 i o.j  t 

: i i i : t i :i 

| I I I II  I II  l|l 
2222122 
Minn 


OUOOluOUt 
!'l  • ' ;.l 

II  I • 1 I I I I 


1 1;  n 1 1 iu  |?  j i 


i •»  ■ 22  2>  .*«  2»  ;•  /■'  ii  n fc  i »■  »» 

u o o o : t |o  o i 

. . . • i in 

I I I I I I I I I I 


1 2 : i 2 i 


4 ( 4 4 4 44 

I i 1 1 1 

b b b b bo  J 
UUiU 

i i i i i;i  i 

1 1 1 8 1 a i 

sun  j s 


I » t 

i - 3 

6 G 6 

I l J 

l 

i 'J 


3 J 3 J 3 3 J 3 |)  1 n 3 3 3 |3  J 

4 4 4 4 14  |4  4 

b 5 J b 5 b b | j 


C C t 1 ; f 6 L [ 


4I4<4<4<44 

/:  '•  •«  . ? ;•  /»  ti| 

5 b b 1 b |b  b b b 


, C 6 t S 6 C t l l 


3 0 0 1 0 1 u 0 0 U 0 

;ii.ui|ui  u w n 

I I | : I ’ I II  I I 

2272222222 

I 

1 1 1 j i n j 

1444444444 

I »;  II  II  I 4 III 

b b b S 5;b  b b 5 5 

6 6 t 6 i i i t i E 


1 1 I I I 
2 3 2 2 2 
] 3 |J  j 

4 4 4 4 4 

i *l  <i  <i  i. 

b b b b b 

5 S b i 5 


MCOW/M:  ti  4uroMiirii)w  cOmmm 

I I 3 I I >2  3 I I l|l  I 1 ) I 


I I I M I I I U I I I l‘l  I I I I 

i m i < 1 1 e |l  1 1 1 1 » 1 1:  i 

. / i l 'J  J 4 j!'I  1 i /!'|  1 1 1 'i 


1 1 n |j  m I 


Mint 


J. 


0 |o  o o;o  o a a oja  o c j o a d o c S|o  3 o o c 

1 ■’  i i*  i.  i | l l III  il  £11  ) N i HH  i i ii  (■ 

II  I I II  I II  II  I I I! 


1 I I II 

2 2 3 3 2 

3 3 3 3 3 


•I  10  I 1 II  I*  I|  l|  ||  II  l|  |o 

3 0 3 3 3 0 0 0 0 0 0 0 0 0 

II  I II  II  'I  'I  II  I]  U ),!(  H '|  II  |] 

I It  I I'll  | I I 


2 2 2 2 7;2  7 2 2 217  2 2 7 
j 3 3 > 3 3 . j 3 3 ill  3 3 3 3 


t 4 4 4 4|4  4 4 4 4 4 4 4 4 4|4  4 4 4 4 

4.1  «*«»..  . * _ )*  .11  bill  I I1  U (b 

b b b b ijl  b b b b b b b b b!b  b b b b 

t C i i 6:3  C i 5 G S ( ( ( (lb  5 8 l 3 


nn 

I I I I I 


1 I 3 I I’l  I II  I I II  I / 


I 3 i I I 3 M 3 1 ' J 1 M I 


>14  9 • 1 M S 1,i  f4  i i t,i  3 


. i lib 


1 1 ii  i 
3 3 2 2 2 

3 3 3 3 3 

4 4 4 4 4 

ii  i ii  ii  > 

b b b b b 

UUi 

11111 


2 7 2 2 2'7  2 2 2 2 

i 

3 2 3 3 3‘3  3 3 3 3. 

i 

4444444444 

.*  ii  i iij'i  - 'I  ii 

b b b b 5 ;s  5 b b b 

i 

8 S G l U C 6 

1 I I ! l'»  3 3 3 3 


i I ; « « 1 I M 8 I II i l 


i in  n 1 5 id  i n :•  i i i nuiiisu 


2-2? 


2. 1.4. 3 Type  3 - Check  Valve 


Size  1 and  Size  2 

Option  1 (Fitting  End  for  Tube  Size  in  16ths  of  an  in.) 

Example:  8 = 8/16  in. 

or 

Option  2 (Actual  Fitting  1.0.  at  End  for  Size  1 and  Size  2) 

Example:  0.391  in. 

01*74-0772  1 

ELEMENT  TYPE  3 - CHECK  VALVE 

A check  valve  may  be  a ball  type,  guided  poppet  type  or  any  other  type.  Its 

t 

main  purpose  is  to  permit  flow  in  one  direction  only.  Tn  the  "free  flow" 
direction  as  shown  above,  the  pressure  drop  is  normally  low.  The  check  valve 
should  not  be  confused  with  the  Type  31  one-way  restrictor  which  allows  a 
smaller  restricted  flow  in  the  direction  opposite  "free  flow." 

One  data  card  is  required  for  the  check  valve  input.  Junction  point 
numbers  1 and  2 are  assigned  numbers  from  the  block  diagram.  (Example:  90.  and 
190.)  Junction  point  1 is  always  at  the  "in"  port  with  flow  going  in  the 
"Free  flow"  direction.  Sizes  1 and  2 are  the  fitting  end  internal  bore  diameters, 
see  options  1 and  2 above.  The  nominal  check  valve  cracking  pressure  is 
normally  input,  but  minimum  or  maximum  cracking  pressure  could  be  used  if 
desired. 
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CARD  FORMAT 


COLUMN- 

FCPI'A  T 

TATA 

Dii'xr  iCi.c 

1 

TI 

(NUMBER  OF  CARDS)  1 

2-8 

v 7X 

BLANK 

— 

9-16 

F8.3 

(ELEMENT  TYPE)  3. 

— 

17-2*4 

F8.3 

JUNCTION  1 

— 

25-32 

F8.3 

JUNCTION  2 

— 

33-/40 

FT.  3 

SIZE  1 

IN.  (See  Options) 

Z4l-ZiP 

rQ.  3 

SIZE  2 

IN.  (See  Options) 

**9-56 

*8.3 

CRACKING  PRESSURE 

PSI 

52=80 

BLANK 

— 

EXAMPLE 


TYPE  3 CHECK  VALVE  INPUT  DATA 
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2. 1.4.4  Type  4 - Simple  Actuator 


Option  1 (Boss  (or  Tube  Size  in  16ths  of  an  in.) 

Example:  4 = 1/4  in. 

Option  2 (Boss  I D.  in  in.) 

Example:  0.1 72  in. 


ELEMENT  TYPE  4 SIMPLE  ACTUATOR 


The  simple  linear  actuator  is  used  to  convert  the  system  fluid  power  to 
linear  mechanical  motion,  and  is  usually  controlled  by  a valve.  The  piston 
and  rod  seals  provide  a viscous  drag  or  damping  force  always  opposing  the 
direction  of  motion  of  the  piston.  There  are  several  types  of  simple  linear 
actuators  all  of  which  are  Type  4.  The  above  sketch  shows  an  unbalanced 
(unequal  areas)  type.  Other  Type  4 actuators  are  balanced  (areas  same  both 
sides  of  piston),  partially  balanced,  parallel  and  tandem.  (See  Volume  II) 

One  data  card  is  required  for  input  parameters.  Junction  1 is  always  assigned 
to  the  extend  port.  Sizes  1 and  2 are  noted  as  optional  input.  The  net  areas 
acting  to  extend  and  retract  the  piston  are  input  along  with  an  external  load. 

A positive  (+)  load  resists  actuator  extension  and  aids  actuator  retraction. 

The  net  seal  friction  force  is  calculated  as:  SEAL  FRICTION  FORCE(LB)  = 10X(SUM 
OF  THE  DYNAMIC  SEAL  O.D.S).  Piston  diameter,  total  actuator  stroke  and  initial 
piston  position  are  also  input.  A piston  postion  of  0 is  when  the  actuator  in 
the  full  retracted  position. 
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FCPNA  T 


CARD  1 FORMAT 


DATA 


DIMENSIONS 


2-8 


9-16 


17-26 


2 5- 32 


33-AC 


61-68 


69-56 


57-66 


65-7? 


73-80 


11 

(NUMBER  OF  CARDS)  1 

7X 

BUNK 

IP.  3 

(ELEMENT  TYPE)  6. 

F8.3 

EXTEND  JUNCTION  1 

F8.3 

RETRACT  JUNCTION  2 

FP.  3 

SIZE  1 

r0.  3 

SIZE  2 

r8, 3 

EXTEND  AREA 

fp. 3 

RETRACT  AREA 

F8. 3 

SEAL  FRICTION 

F8 , 3 

EXTERNAL  LOAD 

IN.  (See  Options) 


IN.  (See  Options) 
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LB 


LB 
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2 . 1 . 4 . 5 Type  5 - Variable  Delivery  Pump 


Junction  3 


Example:  16=  16/1 6ths  of  an 
Option  2 (Boss  I D.  in  in.) 

Example:  0.844 


GP74  07?2  3 


ELEMENT  TYPE  5 - VARIABLE  DELIVERY  HYDRAULIC  PUMP 


The  variable  displacement  pump  outputs  flow  in  response  to  the  load  demands 
of  the  system.  The  pump  has  a basic  flow  pressure  characteristic  curve  which 
is  described  by  its  rated  flows  and  pressures.  There  is  some  internal  leakage 
flow  from  the  high  pressure  side  back  to  the  case  drain  port  and  also  internal 
leakage  from  the  pump  case  back  to  the  inlet  or  suction  port. 

Two  data  cards  are  required  for  the  pump  input.  The  suction,  pressure 
"out"  and  case  drain  junctions  are  numbered  1,  2 and  3 respsectively.  Sizes 
are  input  corresponding  to  junction  points  with  options  as  noted.  The  pump 
actual  RPM  and  rated  RPM  along  with  the  rated  pressures  and  the  rated  flow  at 
rated  pressure  are  also  input. 
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The  following  pump  characteristics  are  optional  input  parameters. 


These  are  noted  in  Figure  2-3. 

PSMIN  - Rated  minimum  suction  or  inlet  pressure. 

Default  value  is  25  psla. 

RCDP  - Rated  maximum  pressure  difference  between  the  pump 
case  and  inlet.  Default  value  is  300  psld. 

RCDL  - Rated  flow  out  the  case  drain  port  under  pump 
rated  conditions.  Default  value  is  1 gpm. 

PSET  - The  pump  case  pressure  when  setting  the  rated 

flow  and  pressure.  The  default  value  is  50  psig. 

If  the  columns  are  left  blank  on  the  data  cards,  the  default  values 
will  be  used. 

i 


2-29 


CARD  1 FORMAT 


CARD  2 FORMAT 


GOLOVKO  FOR’ ’AT  I TATA 


-8  f8.3  RATED  OUTPUT  FLOW 


9- 16 

F8.3 

RATED  PRESSURE  (0  FLOW) 

17-29 

F8. 3 

RATED  PRESSURE  CFULL  Fl.ow> 

25-3? 

F°.  3 

PSMIN 

33-'»0 

F8.3 

RCDP 

91-98 

F8.  3 

RCDL 

90-56 

F8.3 

PSET 

VJ> 

1 

oo 

o 

- 

BLANK 

Tli'FfLTicr:: 


GPM 


PSI 


PSI 


PSIA 


PSID 


GPM 


PSIG 
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EXAMPLE 

TYPE  5 VARIABLE  DELIVERY  PUMP 


2 DATA  CARDS  REQUIRED 
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2. 1.4. 6 Type  6 - Filter 


Junction  1 
(Always  "In"  Portl- 


Size  1 ■ 


\ 

In 

/ 

V J 

\ 

• Junction  2 


■ Size  2 


Size  1 and  Size  2 


Option  t (Boss  for  Tube  Size  in  16ths  of  an  in.) 

Example:  12  = 12/16  in. 

Option  2 (Boss  I.D.  in  in.) 

Example:  0.609  in. 


GP74  07724 


ELEMENT  TYPE  6 - FILTER  ASSEMBLY 


Filters  are  an  essential  part  of  all  aircraft  hydraulic  systems.  They 
are  in stalled  in  strategic  locations  to  protect  components  which  are  sensitive 
to  contamination.  Some  filters  have  bypass  relief  valves.  Type  6 filter  is 
either  a bypass  or  non-bypass  type. 

One  card  is  required  for  input  data.  Junction  1 is  always  input  as  the 
inlet  flow  port.  Sizes  1 and  2 correspond  to  junctions  1 and  2 with  options 
as  noted.  The  internal  fluid  volume  is  input  along  with  the  rated  flow  and 
pressure  drop  of  a clean  element.  The  next  column  contains  the  viscosity  for 
the  clean  element  at  the  rated  conditions.  The  contamination  factor  is 
optional.  A blank  or  0.  is  a clean  element.  A value  between  0.  and  1.  is 
the  percent  the  element  Is  contaminated.  A value  of  1.  is  a full  contaminated 
element.  A factor  Is  input  when  the  user  wants  to  simulate  a partially  contami- 
nated element  and  not  a clean  element.  If  there  is  a bypass  relief,  the  nominal 
relief  setting  is  input. 
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CARD  1 FORMAT 


ecu"*::  j 


33-4C 


41-48 


49-56 


57-64 


65-72 


73-70 


IBESSl 

TATA 

11 

(NUMBER  OF  CARDS)  2 

7X 

BLANK 

FP.3 

(ELEMENT  TYPE)  6. 

re.  3 

JUNCTION  1 

F8.3 

JUNCTION  2 

FP.3 

SIZE  1 

F8.3 

SIZE  2 

3 

INTERNAL  FLUID  VOLUME 

FP.3 

RATED  FLOW  OF  CLEAN 
ELEMENT 

re.  3 

RATED  PRESSURE  DROP  OF 
CLEAN  ELEMENT 

re.  3 

VISCOSITY  AT  RATED 
CONDITIONS 

■oil'll  ;icx 


IN.  (See  Options) 


IN.  (See  Options) 


IN3 


GPM 


PSI 


CENTISTOKES 


CARD  2 FORMAT 
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EXAMPLE 


TYPE  6 FILTER  INPUT  DATA 


2 DATA  CARDS  REQUIRED 
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2.1.4. 7 Type  7 - Accumulator 


Size  1 

Option  1 (Boss  for  Tube  Size  in  16ths  of  an  in.) 

Example:  4 = 4/16  in. 

Option  2 (Boss  I D.  in  in.) 

Example:  0. 1 72  in. 


ELEMENT  TYPE  7 ACCUMULATOR 

An  accumulator  may  be  a piston  type,  bladder  type,  or  an  air  to  oil 
type.  Any  of  these  types  can  be  input  as  Type  7 because  an  accumulator  power 
capability  is  based  on  the  precharge  gas  volume,  pressure  and  temperature. 

The  columns  for  initial  accumulator  pressure  and  A volume  interval  are  used 
when  the  accumulator  is  the  system  power  source.  If  numbers  are  input  in  these 
columns  when  a pump  is  the  power  source,  the  numbers  will  be  ignored  and  the 
accumulator  is  considered  to  be  a static  element.  The  column  for  A volume 
interval  is  for  future  program  development  of  the  accumulator  as  power  source. 

The  accumulator  requires  one  data  card  for  input.  Only  one  junction 
point  number  and  one  size  are  required. 
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CARD  FORMAT 


ecu?'::. 


41-4P 


EXAMPLE 


TYPE  7 ACCUMULATOR  INPUT  DATA 
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2. 1.4.8  Type  9 - Flow  Through  Reservoir 


Size  1,  Size  2 and  Size  3 

Option  1 (Boss  for  Tube  Size  in  16ths  of  an  in.) 

Example:  1 2 = 12/16  in. 

Option  2 (Boss  I D.  in  in.) 

Example:  0.609  in. 

ELEMENT  TYPE  9 FLOW  THRU  BOOTSTRAP  RESERVOIR 

The  type  9 reservoir  is  a bootstrap  pressurized  flow  through  type  with 
system  return  fluid  normally  passing  through  the  reservoir  before  going  to 
the  pump  suction  port.  The  reservoir  model  is  corrected  for  altitude  from 
sea  level. 

Two  cards  are  required  for  input  data.  The  return  port , bootstrap  port 
and  pump  suction  port  must  be  numbered  junctions  1,  2,  and  3 respectively. 
Sizes  1,  2,  and  3 correspond  to  the  junction  numbers.  The  area  o*  the  piston 
upon  which  boostrap  pressure  is  acting  is  input  along  with  the  area  of  the 
piston  exposed  to  the  low  pressure  fluid.  Card  2 contains  the  equivalent 
seal  friction  force  where:  SEAL  FRICTION  FORCE (LB)  = lO.XfSDM  OF  THE  DYNAMIC 
SEAL  ODS) . 
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CARD  2 FORMAT 


CC  '.tp'"2 

7C?:V,T 
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::c:t 

1-2 

m 

SEAL  FRICTION 

LBS 

9-80 

BLANK 

1 

. 

1 

1 
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EXAMPLE 

TYPE  9 FLOW  THROUGH  RESERVOIR  INPUT  DATA 


2 DATA  CARDS  REQUIRED 
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2.1. A. 9 Type  10  - Special  (Flow  vs  AP) 

Size  1- 


Junction  1- 


-Size  2 


•Junction  2 


Size  1 and  Size  2 

Option  1 (Fitting  End  or  Boss  for  Tube  Size  in  16ths  of  an  in.) 

Example  6 = 3/8  in. 

Option  2 (Actual  Fitting  or  Boss  I D.  in  in.) 

Example:  0.297  in. 

ELEMENT  TYPE  10  SPECIAL  (FLOW  vs  dP) 

The  special  category  is  used  for  elements  which  have  a series  of  known 
measured  flow  versus  pressure  drop  points.  These  may  be  input  as  AP  and  Q 
values  with  up  to  six  points  used  to  describe  the  characteristic  curve.  The 
element  is  considered  to  have  one  inlet  and  one  outlet  port.  The  viscosity 
of  the  fluid  for  which  the  data  was  taken  is  also  required. 

Two  cards  are  used  for  input  data.  Junction  points  1 and  2 are  the 
assigned  numbers  from  the  block  diagram  (Example:  1050.  and  1060.).  Sizes  1 
and  2 are  the  fitting  end  or  internal  port  inside  diameters. 
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CARD  1 FORMAT 


COLUMNS 

FORMAT 

DATA 

DIMENSIONS 

2-? 


9-16 


17-26 


25-32 


33-40 


4i-6f? 


49-56 


57-64 


65-72 


73-80 


(NUMBER  OF  CARDS)  2 


BLANK 


(ELEMENT  TYPE)  10. 


JUNCTION  1 


JUNCTION  2 


SIZE  1 


SIZE  2 


FLUID  DATA  VISCOSITY 


NUMBER  OF  POINTS 


PRESSURE  DROP  1 


PRESSURE  DROP  2 


IN.  (See  Options) 


IN.  (See  Options) 


CENTISTOKE5 


CARD  2 FORMAT 


COLUMNS 


9-16 


17-26 


2.5-32 


0 


61-46 


49-56 


57-64 


65-72 


73-80 


FORMAT 


F8.3 


TP.  3 


PRESSURE  DROP  3 

PSI 

PRESSURE  DROP  4 

PSI 

PRESSURE  DROP  5 

PSI 

PRESSURE  DROP  6 

PSI 

FLOW  1 

GPM 

FLOW  2 

GPM 

FLOW  3 

GPM 

FLOW  4 

GPM 

FLOW  5 

GPM 

FLOW  6 

GPM 

2- 


EXAMPLE 

TYPE  10  SPECIAL  (FLOW  VS.AP)  INPUT  DATA 
2 DATA  CARDS  REQUIRED 
CARD  1 
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2.1.4.10  Type  11  - Flexible  Hose 


Junction  1 


Size  1 


or 


Option  2 (End  Fitting  Bore  Dial 
Example:  0.294  in. 


G P '4  0772  14 


ELEMENT  TYPE  11  - FLEXIBLE  HOSE 

The  flexible  hose  is  used  in  applications  where  a rigid  tube  will  not 
allow  required  motion  or  misalignment.  The  length  of  the  hose  is  its  straight 
length  measured  between  the  ends  of  the  nipple  assemblies. 

One  card  is  required  for  input  data.  A maximum  of  3 bend  angles  are 
allowed.  Bend  angles  are  measured  in  degrees.  Junction  point  numbers  1 and 
2 are  the  assigned  numbers  from  the  block  diagram  (Example:  20.  and  25.). 

Size  is  the  equivalent  tube  size,  but  does  not  have  the  equivalent  tube  size 
options.  For  calculation  the  internal  diameter  is  a required  input. 
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CARD  FORMAT 


xrrw: 

t,  r v ? ' * 

T « 

r • ~r ’ 

l 

*1 1 

a *■ 

(NUMBER  OF  CARDS)  1 

— 

7Y 

BLANK 

— 

9-16 

1 P.  3 

(ELEMENT  TYPE)  11. 

— 

1 7-2*1 

T ’O  ^ 

JUNCTION  1 

— 

2 5- 32 

CO 

JUNCTION  2 

— 

33-LC 

:f.3 

SIZE 

IN.  (16ths) 

Ll-LP 

ra 

HOSE  INSIDE  DIA. 

IN. 

49-56 

LENGTH 

IN. 

57-64 

KOI 

Be  NO  ANGLE 

DEG 

65-72 

F8. 3 

BEND  ANGLE 

DEG 

73-PO 

ksi 

BEND  ANGLE 

DEG 

EXAMPLE 


TYPE  11  FLEXIBLE  HOSE  INPUT  DATA 
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2.1.4.11 


Type  12  - Heat  Exchanger  or  Radiator 


VM/rnmm 


Size  1 end  Size  2 

Option  1 Fitting  End  or  Boss  for  Tube  Size  in  16ths  of  an  in.) 

Example:  4=1/4  in. 

or 

Option  2 (Actual  Fitting  or  Boss  I.D.  in  in.) 

Example:  0.1 72  in. 

GF*74  0772  12 

ELEMENT  TYPE  12  - HEAT  EXCHANGER  OR  RADIATOR 


A heat  exchanger  is  used  to  remove  excess  heat  from  the  hydraulic  fluid. 

The  common  type  used  in  aircraft  uses  the  engine  fuel  as  a heat  sink;  however 
some  usage  is  made  of  air  as  a cooling  fluid. 

One  card  is  required  for  heat  exchanger  input  data.  Junction  1 is  normally 
the  inlet  port  and  junction  2 the  outlet  port.  Sizes  1 and  2 correspond  with 
options  noted.  A rated  flow  and  a rated  pressure  drop  are  input  along  with 
the  fluid  viscosity  for  the  rated  conditions. 
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CARD  FORMAT 
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(NUMBER  OF  CARDS)  1 


BLANK 


(ELEMENT  TYPE)  12. 


JUNCTION  1 


JUNCTION  2 


SIZE  1 


SIZE  2 


RATED  FLOW 


RATED  PRESSURE  DROP 


RATED  VISCOSITY 


BLANK 


EXAMPLE 

TYPE  12  HEAT  EXCHANGER  OR  RADIATOR  INPUT  DATA 
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2.1.4.12  Type  21  - 45°  Elbow 


Option  1 (Fitting  End  or  Boss  for  Tube  Size  in  16ths  of  an  in.) 
Example:  8 - 8/16  in.) 
or 

Option  2 (Actual  Fitting  or  Boss  I.D.) 

Example:  0.391  in. 


G*->«  0777  16 

ELEMENT  TYPE  21  45°  ELBOW 


The  45°  elbow  like  the  union  is  also  a connector  to  join  2 tubes  or  join 
a tube  to  a component.  The  elbow  may  be  a threaded  or  permanent  type.  The 
ends  may  be  internally  or  externally  threaded. 

The  number  of  data  cards  required  is  always  1.  Junction  point  numbers 
1 and  2 are  the  assigned  numbers  from  the  block  diagram  (Example:  80.  and  85.). 
Size  1 and  Size  2 reflect  the  internal  fitting  diameters  at  each  end  (see 
options  1 and  2 in  above  sketch).  These  do  not  have  to  be  identical. 
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CARD  FORMAT 


COUT'EE 

rCn.’''  T 

PATA 

ni‘7J 
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(NUMBER  OF  CARDS)  1 

2-8 

7X 

BLANK 
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F8.3 

(ELEMENT  TYPE)  21. 

— 

17-26 

F8. 3 

JUNCTION  1 

— 
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F8. 3 

JUNCTION  2 

— 

33-6C 

F8.3 

SIZE  1 

IN.  (See  Options) 
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SIZE  2 

IN.  (See  Options) 

49-80 

BLANK 

— 

EXAMPLE 
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TYPE  21  45°  ELBOW  DATA  INPUT 
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Size  1 and  Size  2 

Option  1 (Fitting  End  or  Boss  for  Tube  Size  in  16ths  of  an  in.) 

Example:  8 = 8/16  in. 
or 

Option  2 (Actual  Fitting  or  Boss  ID) 

Example:  0.391  in. 

QP74  0772  1 7 

ELEMENT  TYPE  22  - 90°  ELBOW 

The  90°  elbow  is  a connector  cotmionly  used  to  change  the  piping  run 
direction  in  a minimum  distance.  It  may  be  a threaded  or  permanent  type 
where  the  ends  may  be  internally  or  externally  threaded. 

The  number  of  data  cards  required  is  always  1.  Junction  point  numbers 
are  the  assigned  numbers  from  the  block  diagram  (Example:  10.  and  20.). 

Size  1 and  Size  2 reflect  the  internal  fitting  diameters  at  each  end  (see 
options  1 and  2 in  the  above  sketch).  These  do  not  have  to  be  identical. 
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CARD  FORMAT 
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reny-T 

TATA 
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11 

(NUMBER  OF  CARDS)  1 

— 

2-8 

7X 

BLANK 

9-16 

F8.3 

(Element  type)  22. 

— 

17-24 

E 

JUNCTION  1 

— 

25-32 

F8.3 

JUNCTION  2 

— 

33-40 

F8. 3 

SIZE  1 

IN.  (See  Options) 

41-48 

irq.  3 

SIZE  2 

TN.  (See  Options) 

49-80 

BLANK 

— 

EXAMPLE 


TYPE  22  90°  ELBOW  INPUT  DATA 
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2.1.4.14  Type  23  - Reducer 


Size  1 and  Size  2 

Option  1 (Fitting  End  or  Boss  for  Tube  Size  in  16ths  of  an  in.) 

Example:  Size  1=8  = 8/16  in. 

Size  2 = 10  = 10/16  in. 
or 

Option  2 (Fitting  End  or  Boss  I.D.) 

Example:  Size  1 = 0.391  in. 

Size  2 = 0.484  in. 

GP740772  '6 

ELEMENT  TYPE  23  - REDUCER 

The  reducer  fitting  is  commonly  used  to  connect  a tube  or  fitting  to  a 
different  size  fitting,  tube  or  component  port.  These  are  commonly  a threaded 
type. 

One  data  card  is  required  for  input  data.  Junction  point  numbers  1 and  2 are 
the  assigned  numbers  from  the  block  diagram  (Example:  900.  and  905).  Size  1 
and  Size  2 are  generally  not  equal  and  reflect  the  internal  diameters  at  each 
end.  This  fitting  could  also  be  an  adapater  which  changes  from  an  external 
thread  at  one  end  to  an  internal  thread  at  the  other.  See  the  above  sketch 
for  Size  1 and  Size  2 options. 
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(The  Branch  of  the  Tee  is  Always  Junction  2) 

Size  1,  Size  2 and  Size  3 

Option  1 (Fitting  End  or  Boss  for  Tube  Size  in  1 6ths  of  an  in.) 

Example:  8 = 8/16  in. 
or 

Option  2 (Actual  Fitting  or  Boss  I D.) 

Example:  0.391  in. 

GP74-0772  18 

ELEMENT  TYPE  24  TEE 

The  tee  is  a connector  commonly  used  to  connect  three  elements  which  may 
be  a combination  of  tubes,  fittings  or  components.  These  are  either  a threaded 
or  permanent  type.  The  branch  is  considered  to  be  at  a 90°  angle  to  the  run. 

One  data  card  is  required  for  input.  Junction  point  numbers  are  the 
assigned  numbers  from  the  block  diagram  (Example:  35.,  45.,  and  40.).  It 
should  be  noted  that  junction  point  2 has  to  be  input  as  the  branch  of  the 
tee.  Size  1,  Size  2 and  Size  3 correspond  to  the  ends  with  junction  points 
of  the  same  number.  The  sizes  can  be  different  and  the  ends  internally  or 
externally  threaded.  See  the  above  sketch  for  size  options. 
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2.1.4.16  Type  25  - Cross 


ELEMENT  TYPE  25  - CROSS 


The  cross  fitting  Is  used  sparingly  in  hydraulic  system  design  because  it 
requires  considerable  space  to  connect  4 elements  (probably  tubes)  at  one 
point.  The  cross  is  a connector  which  may  be  a threaded  or  permanent  type. 
Each  port  is  at  a 90°  angle  with  each  adjacent  port. 

One  data  card  is  required  for  input.  Junction  point  numbers  are  the 
assigned  numbers  from  the  block  diagram  (Example:  920.,  925.,  930.,  and  935.). 
Note  that  junction  point  3 is  considered  to  be  opposite  junction  1 and  the 
junction  point  and  size  data  have  to  be  input  in  the  correct  order.  The  sizes 
can  be  different  and  the  ends  internally  or  externally  threaded.  See  the 
above  sketch  for  size  options  and  junction  point  numbering. 
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(NUMBER  OF  CARDS)  1 
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7X 
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(ELEMENT  TYPE)  25. 


pp . 3 


JUNCTION  1 


25-32 


F8. 3 


JUNCTION  2 


33-6C 


FP.  3 


JUNCTION  3 


61-6P 


rQ 


.3 


JUNCTION  4 


69-56 


?.  3 


SIZE  I 


IN.  (See  Options) 


57-66 


Fp.3 


SIZE  2 


IN.  (See  Options) 


65-72 


F8. 3 


SIZE  3 


IN.  (See  Options)} 


73-80 


FP.3 


SIZE  4 


IN.  (See  Options) 


EXAMPLE 


TYPE  25  CROSS  INPUT  DATA 


1 5 s c : 

I 

1 17  21 

nin 

4 4 4 1 4 

SibbS 

(Uit 

Mill 

nm 

Mil, 


M ? | 

11::: 

M 4 < < 

, , I 

i . . i I 


J * 

• M. 

1 1 

1 

1 

3 3 G b « 3 3 3 U C 

1 

111  |:m 

| 1 3 3 . 3 J 1 i | 

; 1 1 i j |ii 

hhihm 

<444444144 

Mil. 


4 <- 


4. 

I 


•Ml  M V ! ••  Vi  « 


1111(111111 


1 ! I 

S 3 0 0 tit  0CSC0DD0  0 0 303D300DC0UIIU  u u u U U 14 

.11,  )•  1 Mli  1 - iiijh  ill*  :|  1 1,1. 

1 1 1 1 ii  1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 • 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 

i : I : : 

iiiiiiiiiMiiiiiiiiiniiiiL’iiiMiiii 


jj  | : 1 j . i |n  : 1 1 |i  |;  1 j 1 1 |i  |n  n i . |i  n 3 1?  |n'n  1 : 1 1 1 1 1 1 3 1 1 |m  n 1 . 


1 1 • 


J b 1 S b b b b . 1 1 1 . ) |'i  1 ill  i i j , S S 1 i ! 


IlfliiUK 


Mil 


I 

< ! 


b '.  |b  b b b b b bib  b b b S;b  b $ b bib  b b b :}b  b b 5 b b b b b 5;b  b b b : 


: . c ; c : . 4 1 c t b •,  t,  b 1 1 ' t r c ; t 1 1 6 6 

Ml  (.ONNlII  AtITOMATIt  'J  SOMf-'A'Vt 

I'l  I II  ',M  II  I'll  I Mill  I ll'll  11  Mil  II  I 


Mill 

! : j : I : 

I IS  8 . I J ► 6 h M « 1 ,1  S l ‘4  J I b 4 - 6 I M 1 1 II  I ) 4 ! I | 1 

II  b b . J ; S . I 1M|  , 1 1 : | 1 11  , 1 1 1 \ 


C t G 6 f : 


S C C 8 ; 6 6 CIS  6 8 C |>  G l S S |c  S t 6 t'C  6 6 i C 
M Mill  II  HI  II  1 11  11  M M M II  II  PM  1 M 

C I M 1 | J ! 8 £ S b 1 0 s «»  3 8 I | ! 4 3 i 3 # 8 | - 8 G 8 a i 


1 1 


3 11  '3 


8 3 3 ! M ; I'l  1 1 3 1 19  I M 1 
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2.1.4.17  Type  31-1  Way  Restrictor 


Junction  1 


• Junction  2 


Size  2 


Option  1 (Fitting  End  or  Boss  for  Tube  Size  in  16ths  of  an  in. I 
Example:  8 = 8/16  in.) 
or 

Option  2 (Actual  Fitting  or  Boss  I.D.I 
Example:  0.391  in. 


GP74  07  77  26 


ELEMENT  TYPE  31  - ONE  WAY  RESTRICTOR 


The  1 way  restrictor  restricts  flow  in  one  direction  and  allows  free  flow 
in  the  other  direction.  The  orifice  flow  is  a function  of  orifice  size,  Reynolds 
number  and  the  coefficient  of  discharge. 

One  card  is  required  for  input  data.  Junction  1 always  starts  at  the 
restricted  port  for  flow  in  the  restricted  direction.  Size  1 and  Size  2 
correspond  to  junction  1 and  junction  2 with  options  as  noted.  The  orifice 
diameter  is  input  along  with  a coefficient  of  discharge.  If  the  coefficient 
of  discharge  is  not  input,  the  element  model  will  select  one. 
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CARD  1 FORMAT 


COLUMNS 

FORMAT 

DATA 

DIMENSIONS 

1 

11 

(NUMBER  OF  CARDS  ) 2 

— 

C ' 

7X 

— 

BLANK 

— 

9-16 

IP. 3 

31.  (ELEMENT  TYPE) 



— 

17-2*1 

■za 

JUNCTION  1 

— 

? 5—32 

rfl.  3 

JUNCTION  2 

— 

33-/(C 

rr.3 

SIZE  1 

IN. (SEE  OPTIONS) 

hl-liP 

r".  3 

SIZE  2 

IN. (SEE  OPTIONS) 

i.  p _ 3 

ORIFICE  DIA  OR 
RATED  DP  (RESTRICTED) 

IN.  OR  PSI 

57-6*1 

! P . 3 

DISCHARGE  COEF  OR 
RATED  0 (RESTRICTED) 

— OR  GPM 

A 5-7? 

FP.3 

FREE  FLOW  CRACKING 
PRESSURE  (OPTIONAL) 

PSI 

73-P0 

if>.3 

F.F.  RATED  DP 
(OPTIONAL) 

PSI 

CARD  2 FORMAT 


, , , 

'('?'•*  T 

1 A 7; 

, J(  , • 

1-8 

F8.3 

F.F.  RATED  Q 
(OPTIONAL) 

GPM 

9-80 

F8.3 

BLANK 

— 
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EXAMPLE 


TYPE  31  1 WAY  RESTRICTOR  INPUT  DATA 

2 DATA  CARDS  REQUIRED 


CARD  1 


' •()  >?DNnH|llN)OV  U <'|*  UMir  M VM  1/  ^ • 


I .’o  ».  ft  M M M » I?  II  It  to  »I  II  II  \4 


0 I I 3 U 3 0 0 M 0 0 0 G 0 0 1 0 0 1 I I I I |l I I 0 0 I | I I I I II  0 I | I Q ro  0 n 0 1 I 0 0 0 0 0 0 0 M M 0 gl I IQ  II  I || I 

‘ 1 1 *;  r * ‘ '! 1 • 1 •>  ' • •»,'*  ii  >1  f|  a ii  u n m nja  p a m mm  o n * a fi  sift  »/  m »j  * \i  u •.»  wu  *;  n a u * i m h iJm  •?  t >4  »,»i  $ t m 

|i  1 1 n 11  1 1 |n  1 mi  1 1 1 n 1 1 1 11  i 1 1 i;i  11  1 11  11  m|i  1 11  1 n n |M  11  iii  11  1 i;i  it  | iln  i 1 i;i  m 1 1 

•7 1 ? ; ? 2 2 ? ? ?'?  ? ? ? iji  ? ??  ?|?  ? ? ? | ? ? 1 ? ?|?  222  2 mi  ?;?  ? 2127  2 ? 1 n;  2 ? ijim  ii  2 ? 1 ?j?  ??  ? ?'?|j  2 7 

j n n 3 n|  ij|i  3 3 1 3 1 2| j'i  3 3 1 n|n  i|n  3 3 |n  3 1 i'n|n!j  n |j'n  : 3 j : |n  j 3 n 1 n|u  i n n| 

■ • ' ! | • ! 1 ! 

M 4 4 4,4  4 4 4 4 4 4 4 4 4 4 ( 4 4 1 4 I I 4 4 4 4 4 4 4 4 4 4 4 4{4  4 4 4 1 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 ( 4 ' I 4 I 

‘ 1 * * 1 « ' ‘ • I '» I ’•  *1  *'  '•  1 '•:1'  U 11  J*  It'  4 " 4 11  *1  * •!  I)  U it'i*  • <1  *1  4 3 V I S4  M*V»  • •»  Ml  i'kM  Uni  I U il  I ' 1 • , i I 1 M 

b b b b bib  b b b b b b b b bib  b b b b'b  b b b b b b b b b;b  b b b b b b b b bjb  b b b b b b b b b|b  b b b b b b|b'b  b b b b b b b b b,b  b b b b 

S I I I S $ i I I i I I 5 ( (Il  * I 6 I I i I ( < I I i I I < i t I t I f I ( i I C I I 1,1  i ( i C't  f I I I I ( | C i I i { I ( I { | | { i i | { | 

MCDONMtU  AUTOMATION  COMPANY  [ 

;il  mil  ! 1 I I'l  I Mill  I M I'll  I Mil  I I III!  I H H Ml  I'l  1!  Ill  11  m I Mill  I IIM  M M II  II  I'll  M I 

• I'll  I ' I 

1 I I I I I I I I lj|l  I I II  I 1 1 II  I I I I ■ 1 1 I II  I 1 1|  I I I I ll||l  III  I l|l  I I I I I 1 1 1 I II  I I II  I 1 1 I I M ! 1 1 

1 1 1 it  1 1 1 1 u 1 1 1 iln  n i,i  h I ill  1 1 1 ii  1 1 1 1 1 1 1 1 i'i  1 1 1 ill  1 1 1 ii  1 1 1 m 1 1 ) ii  1 1 1 ill  i ii  m 1 1 1 

' •<!  1 4 ; I til  ")  Ii  .)  » ' 1 1 M III}  I)  u a M ''  J :!  4 II  •!  I)  <1  • it  H 4 il  M j il  >]  it  <3  <t  4 ,1  M . •;  • , J , it  . bl  M I i •*  i 1 k 


I • t » ' 1 I ‘III!  Ill,  “ M It  JJ( 

I l I i i|l  l l l i I 1 I i |'i  I I I ii  | i i i 

| 2 2 2 ?;?  ? 2 2 2 2 2 2 2 ?•?  2 2 2 ?'?  2 2 2 2: 

3 3 3 3 3 3 3 3 3 3j3  3 3 | i J 3 3 3 3 3 3 3 1 3 

4 4 4 4 4 < 4 4 4 lj|  4 4 4 4 4 4 4 4 4 4 4 4 4 4 

* ‘ t * » «•  • 1 4 t'  » II  ||  V *1  *4  J 

j S b 5 5 b j b b <!b  b b b i 5 b b b bib  5 b b b 


I I I I I S I i I I I I S I III  i I S 6 


n i'  « l a ii  ii  i'  u it 

1 I I I 1 I I I I I 

2 2 2 2 |?  2 2 2 2 

3 3 3 3 3 3 1 3 3 3 

4 I I II  I 4 4 4 4 

i -I  t •iln  u n ]<  » 
b 5 i 5 bib  b 5 b b 


CARD  2 


2 I >4  b | • • t / ?:  23  24  n 24  ?'  If  « K>  I 12  IS  )4  » » !•  » H4 


II  I ll|l I I 

) . • > • i > i ii 

I I I l|  I 1 I I 
7 11  I'l  11  11 

I 

3 3 3 S 3 3| 3 3 


4 1 1 4 4 4 4 1 


b b b b b b b b 


I I I II  I I I 

i u ?;i  1 1 ) 

l 

ft  « Ml  15  ‘ 
• I I 1,'fl  I I 

* * I II 


1 » * muii  1 • him,  u h : 


I U » « I*  •»  I •!  W I I?  |l  14  n K I’  II  If  H > I?  U M V 34  I » H 40  4 4 4 44  «■  41  •'  44  4«  b • 

I I I M II  I C I 0 B to  I I I II  I I II  I'D  0 I 0 I f II  I I II  D C M 0 D C IT  C 0 I I C C C C C P t 0 C 0 C I 

i?  i •«  uj  i •*  ii  n r ••  ’j  ;i  n'n  n n * i r n y u, m i u n *»  4 «’  ii  ♦»  i>*u  4 u *»  *'  >4  Jbjt*  m * m » 1 • »■  1 m i a i<  • 

I I I M I I 1 I I I I I I'l  I II  I I I I 1 iji  I I I I I I 1 I »J|  I 1 I 1 I 11  I l;l  I 1 I ill  I I I II  1 I I iji 

1 1 1 11 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 n 1 1 1 1 1 1 1 1 11 1 1 1 r:  1 1 1 1 1 1 1(:  \ 

. ; ; ; 

J J 3 I'l  3 3 3 3 3 3 3 3 3'3  3 3 3 1 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3'3  3 3 3 3 3 3 3 3 3 3 3 3 2 3 3 3 3 3 3 3 : 3 3 3 3 I 

: : : I : 

4 4 4 4 ! I 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 I 4 I'l  I 4 4 4|4  I 4 I 4 4 4 4 I 4 I 4 I 4 4 1 i I I 4 4 4 4 I I 4 4 4 4 4 I ' 

: 1 1«  it  Ji|  ‘i  •!  •(  • - ,i  ?tj‘t  inn,  j ,i  m !;|h  i it  ii  mi  rini'.'i'  him  , lit  i;  « h ,i  * t i * i*  i >• 1 it  ■ 

b b b b'b  b b b b b b b b b'b  b b b b b b S b b b b b b b b b b S b'b  b b b b b b b b b h b 5 b b,b  b b b b . : b 5 b 5 : 

ill!' 

I l 1 I'l  l 1 f I I 4 i 1 t l 1 1 I l I l t t i'l  1 l t t l l I 1 I'l  l I I II  I I I I I l I I I I i 8 6 M l f 6 M i 
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I 3 7 3 '3  11  1 I I 1 1 1 I'l  1 I 1 III  ! U I'l  3 1 3 I 1 11  3 I'll  11  1 11  I 3 1 1!  1 3 i'l  11  11  11  1 H ' 

■ • i i ; I 

I I t i'l  | ! I ! I I < H,(  I I I ill  I II  S'?  I ! IS  I I llt'l  • I I I I 3 I I'l  I I 2 ij*  I 1 1 H I 1 • I'l 

' ; ' 1 ; 

1 1 1 M 1 1 1 ii  i it  ii  1 1 1 ill  1 1 1 i!i  1 1 1 1 1 1 m it  1 1 1 1 1 1 1 1 iln  1 1 1?  i n n s in? 


t I?  i p ii  i • i u i)  ii  u h ' n n 44  i i:  ii  ii  i:  «*  4 mums  i'  ii  k u k i m w u i •:  t:  t 
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2.1.4.18  Type  32-2  Way  Restrictor 


Orifice 


Size  1 and  Size  2 

Option  1 (Fitting  End  or  Boss  for  Tube  Size  in  16ths  of  an  in.) 

Example  8 8/16  in. 

or 

Option  2 (Actual  Fitting  of  Boss  ID) 

Example:  0.391  in. 

ELEMENT  TYPE  32  TWO  WAY  RESTRICTOR 

The  two  way  restrictor  restricts  flow  in  both  directions  and  is  an  orifice 
type  element.  The  orifice  flow  is  a function  of  the  orifice  diameter,  Reynolds 
number  and  the  coefficient  of  discharge. 

One  card  is  required  for  input  data.  Junctions  1 and  2 correspond  to 
Size  1 and  2 respectively.  The  orifice  diameter  is  input  along  with  the 
coefficient  of  discharge.  If  no  coefficient  of  discharge  is  input,  the  element 
model  selects  one. 
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CARD  FORMAT 


~OI.U"‘ 


r-cpjv  j 


l 

?- 

cr 

9_ 

16 

17- 

?fj 

?5- 

32 

33- 

40 

M- 

UP 

ho- 

56 

57- 

64 

65-80 

PA  TA 


(NUMBER  OF  CARDS)  1 


BDANK 


(ELEMENT  TYPE)  32. 


JUNCTION  1 


JUNCTION  2 


SIZE  1 


SIZE  2 


ORIFICE  DIA. 


DISCHARGE  COEFFICIENT 


BLANK 


IN.  (See  Options) 


IN.  (See  Options) 


IN. 


EXAMPLE 

TYPE  32  2 WAY  RESTRICTOR  INPUT  DATA 


0 a a o o.o  a a o ala  a o a a ::  t a |o  a a c a a a a a fa  a o o a a a a a e'a  a o a a.n  a a t ||a  c o a a a a t a a o e ; a o a a : 3 a a o O'a  o a a a 


• t liv 

| I I I 1 \ 1 I I II  | II  I I I I 1 1 I I I I I I 1 1 II  I II  I | II M | | | | j ||  II  I 

2 2 2 2 2 7 7 7 1 1 2 2 2 hi  2 2 2 l\j  7 2 2 ,‘l  2 2 2 2 t 22  2 2'7  2 2 2 3 2 ? 2 2 2 

| : i ! : 

3 3 1 3 3 3 3 |3  | 3 3 3 3 3 3 3 3 3 |3  1 3 3;3  3 3 | 3 3 3 3 |3;3  3 3 3 3jl  |3  3 3 

4 4 4 4 4 4 4 4 I 4j4  4 4 4 4|!  4 4 i tjl  4 4 4 4 i 4 4 4 4[I4  4 I 4 4 4 4 4 4j4  4 4 4 4 

1 • * ' » 11.1  111  I i j '•  * , . : I '1  I?  II  I.  • J t II  11  l.|4  4?  43  14  I 

5 i 5 j j|i  S 5 j iji  b 5 5 5;5  b i |.:l  i i S j;5  ||5  5 5 S i i 3 b 5 b bjb  b b 5 b 

1 I ! I 

8 i b 8 f G 6 t 0 C I c o a 6 0 6 1 8 f>  .6  8 I 6 0 | . 6 0 6 16  5 1 6 t u 6 ( 6 b | G 6 C l 

MCOiWNLli  AUTOMATION 

/ n 1 1,1  / ; } ?|m  1 } 1 m / ; /|i ; / / ; / ;;  n ; / .♦  / ? ; *;•;  n m 

! ! 5 0 I I 8 I f 8 |li  8 8 3 8 8 g : 1 » ) 4 M I 8 | f 0 0 8 | B39ReL|o38 

9 1 9 9 9 9 9 9 9 9 lb  3 9 S 8 8 j 8 9 . i 3 b 1 9 19  9 9 9 5 1 S 5 S 3 9 3 3 ^.33. 


1 )l  K .1  I'.H  J II  11  : 


. I s 1 .11  mi  till  : l ! Ill 

1 1 1 nil  1 11  11  1 11  iji  1 1 in  1 1 1 1 1 1 1 11  m 1 1 1 


2 2 2 .'  2 7 2 2 2 2'2  2 2 2 2'2  2 2 2 7'2  2 2 2 2 2 2 2 2 2 

1 ! 

1 3 3 3 | ; 3 3 : 3 3 | J 3 3 3 3 1 3 3 3 3 3 3 3 3 3 3 3 3 

44  14M44444  4444  ) 1 4<4  I4I4<4<  4 4 4 


bbbbbbbbbbbbbtijjbbbb 

8 8 6 8 . i b t 8 l 6 l | : 8 8 6 G C . 

nn'iiiiiiiimmi 

! 

8 I 3 8 1 3 £ | ' s 3 1 3 | : 4 6 f 8 0 


b b b b b'i  b b b b 
6 6 8 6 8 j G 6 6 8 
I 3 I I I I I I I I 

B B 8 8 i!i  4 8 8 8 


2 2 2 2 2 

3 3 3 3 . 

3 4 4 (4 

i i i ii 

b b b b b 

ii  8 8 6 8 

3 3 2 1 2 

8 6 8 8 8 


3 3 5 3 9 ■ i 1 3 3 5 9 3 3 9 9 9 3 b 9 9 ? 19  3 3 3 j 9 9 9 9 9 


2.1. A. 19  Type  33  - Relief  Valve 


Size  2 


Junction 


2 


Option  1 (Fitting  End  for  Tube  Size  in  16ths  of  an  in.) 

Example:  8 = 8/16  in. 
or 

Option  2 (Actual  Fitting  I D.  at  End  for  Size  1 and  Size  2) 

Example:  0 391  in. 

GP?4  0772  19 

ELEMENT  TYPE  33  RELIEF  VALVE 


The  relief  valve  acts  in  much  the  same  manner  as  a Type  3 check  valve. 

It  is  normally  used  to  keep  the  system  pressure  or  a component  pressure  from 
exceeding  an  upper  limit. 

One  card  is  required  for  input  data.  Junction  1 is  the  "in"  port  to  the 
relief  flow  direction.  Junction  2 is  the  "out"  flow  port.  Sizes  1 and  2 
correspond  to  junctions  1 and  2.  The  nominal  relief  pressure  is  also  input. 


2-b2 


Control  Control  Control 

Code  3 Code  1 Code  2 


Size  1,  Size  2,  Size  3 and  Size  4 

Option  1 (Fitting  End  or  Boss  for  Tube  Size 
in  16ths  of  an  in.) 

Example:  8 = 8/16  in. 
or 

Option  2 (Actual  Fitting  or  Boss  I D.) 
Example:  0.391  in. 


GP74  0772  26 


ELEMENT  TYPE  34  SOL  VALVE  (4  WAY  3 POSITION) 


The  solenoid  valve  may  be  one  of  three  different  valves;  Type  34- 
4 way  3 position,  Type  35-3  way  2 position  and  Type  36-2  way  2 position. 

For  a 4 way  3 position  type  valve  the  3 positions  are  (1)  pressure  to  C3 
port  with  C4  ported  to  return  - control  code  1,  (2)  pressure  to  C4  port 
with  C3  ported  to  return  - control  code  2,  and  (3)  the  valve  in  the  null 
or  closed  position  with  leakage  from  high  to  low  pressure  - control  code  3. 

The  2 positions  for  a 3 way  2 position  valve  are  (1)  pressure  to 
C3  port  and  the  C4  port  not  connected  - control  code  l,  (2)  the  valve  in 
the  null  or  closed  position  with  leakage  from  high  to  low  pressure  - on-- 
code  3 . 
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The  2 way  2 position  valve  has  (1)  direct  path  from  pressure  to 
return  - control  code  1 and  (2)  the  valve  in  the  null  position 
with  leakage  from  the  high  to  low  pressure  - control  code  2. 

Two  cards  are  required  as  input  data  for  each  type  of  valve.  The 
junctions  1,  2,  3 and  4 ports  are  identified  depending  on  the  particular 
valve  being  used.  Sizes  1,  2,  3 and  4 correspond  with  the  .same  junction 
number  with  options  as  noted.  Valve  specifications  usually  give  the 
internal  pressure  drops  as  a function  of  flow  for  a specific  fluid  and 
temperature.  The  viscosity  for  the  fluid  at  these  conditions  has  to  be 
input  to  allow  for  other  type  fluids  and  different  temperature  operating 
conditions.  The  rated  pressure  drops  at  rated  flows  are  input. 


2-65 


?5-3? 


33-'*C 


41-UP 


49-  56 


57-  64 


65-7? 


73-PO 


'CLUNK. 


4 WAY  - 3 POSITION 
CARD  1 FORMAT 


FCPUA  T t a TA 


II  (NUMBER  OF  CARDS)  2 


7X  BLANK 


FP.3  (ELEMENT  TYPE)  34. 


FP . 3 JUNCTION  1 (P) 


FP.3  JUNCTION  2 (R) 


PP.3  JUNCTION  3 (C 3 ) 


rB.3  JUNCTION  4 (C4) 


^.3  SIZE  1 


FP.3  SIZE  2 


Fp.3  SIZE  3 


FP.3  SIZE  4 


rir'Ff  ic 


IN.  (See  Options) 


IN.  (See  Options) 


IN.  (See  Options) 


IN.  (See  Options) 


FORMAT 


CARD  2 FORMAT 


TATA 


1-p 

rP.  3 

9-16 

fp.  3 

17-?'* 

F°.  3 

25-3? 

FP.  3 

33-40 

fp.  3 

41-4P 

FP.  3 

RATED  FLOW  FROM  JCT  1 TO 
JCT  3 OR 


49-80 


LEAKAGE  FLOW  FROM  JCT  1 TO 
JCT  3 


PRESSURE  DROP  FOR  LEAKAGE 
rnwnTTTnMQ 


OPERATING  CONTROL  CODE 


BIANK 


rT"'T  kick." 


GPM 


PSI 


CENTISTOKES 


GPM 
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EXAMPLE 


TYPE  34  SOL  VALVE (4W-3P)  INPUT  DATA 
2 CARDS  REQUIRED 

CARD  1 


34. 


35.  30.  35.  100. 

o ■ I 9 to  ?>  :j  n :«  | 2t  tr  za  29  so  n | i)  m u x v B 40  <i«h)«h 


>.  8.  4. 

| 4 1 «»  49  33  31  34  St  M V M t»  Wl|  if  45  44 


; o'a  o o a o 

.4.  ’ 11  K 15 

1 III  1 1 1 

3 0 0 0 0 

i 11  ii  11  .1 

Mill 

ocoocooo|o 

. 1 11  n :i  i.''i  ii  ti  fi  ii 

1 ! ! II'I  1 1 1 I 

0 0 0 0 0 

JI  1?  11  11  15 

Mill 

0 0 0 9 0 

14  1'  14  11  II 
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3 WAY  - 2 POSITION 
CARD  I FORMAT 
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r"  t/ 

1 

I1 

(Number  of  Cards)  2 
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7X 
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rr.3 
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sa 
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CARD  2 FORMAT 
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— 

In . (See  opt  ions) 

In. (See  options) 

In. (See  options) 

-- 

’ 
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r 
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■ 
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TYPE  35  SOL  VALVE  (3W-2P)  INPUT  DATA 
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2 WAY  - 2 POSITION 
CARD  1 FORMAT 
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CARD  2 FORMAT 
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to  JCT  2 

CPM 

9-16 
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Cent i stokes 

25-37 

r°,  3 

Leakage  flow  from  JCT  1 
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EXAMPLE 


TYPE  36  SOL  VALVE  (2W-2P)  INPUT  DATA 
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2.1.4.21  Type  41  - Servo-Actuator 
Junction  1 


Option  1 (Fitting  End  or  Boss  for  Tube  Size  in  16ths  of  an  in.) 

Example:  4 = 1/4  in. 

Option  2 (Fitting  End  or  Boss  I D.  in  in. I 
Example:  0. 172  in. 

GP  74  -07  72 

ELEMENT  TYPE  41  SERVO-ACTUATOR 

The  Type  41  servo-actuator  is  considered  similar  to  a valve  operation 
with  a simple  actuator  except  the  valve  is  mounted  directly  on  the  actuator. 

A separate  model  for  the  servo-actuator  does  not  exist  in  the 
SSFAN  program.  To  simulate  a servo-actuator  combine  Type  34  (a  four 
way  three  position  valve)  and  Type  4 (a  simple  actuator)  components 
into  a servo-actuator  model. 

Under  normal  operating  conditions  the  valve  may  be  either  wide 
open  or  completely  closed  (null  position).  The  actuator  may  be  a 
balanced  (equal  piston  areas)  or  unbalanced  type. 
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2.1.4.22  Type  91  - Appendix  Reservoir 


Option  1 (Boss  for  Tube  Size  in  16ths  of  an  in.) 

Example:  12  - 12/16  in. 

Option  2 (Boss  1.0.  in  in.) 

Example.  0.609  in. 

GP740772  21 

ELEMENT  TYPE  91  - APPENDIX  BOOTSTRAP  RESERVOIR 

Type  91  reservoir  Is  a boo6trap  pressurized  appendix  type.  Its  purpose 
is  to  make  up  system  volume  differences  that  occur  with  fluid  temperature 
changes  and  the  volume  exchange  with  differential  area  actuators  in  the  sub- 
systems. The  reservoir  model  is  corrected  for  altitude  using  sea  level  as  a 
0 reference  point. 

One  card  is  required  for  data  input.  The  appendix  port  (S-R)  and  the 
bootstrap  port  must  be  input  as  junctions  1 and  2 respectively.  The  high 
pressure  (bootstrap  pressure)  area  of  the  reservoir  piston  along  with  the 
low  pressure  area  are  input.  The  seal  friction  force  is  calculated  as  shown 
for  the  type  9 reservoir. 
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CARD  FORMAT 


a.r- 

T C P**  ' *]* 

t * y 

r " • • :c. 

i 

7 7 

(NUMBER  OF  CARDS)  1 

2-3 

7X 

BLANK 

— 

9-16 

18.3 

(ELEMENT  TYPE)  91. 

— 

17-29 

FP . 3 

JUNCTION  1 (R-S) 

— 

msim 

18. 3 

JUNCTION  2 (BS) 

— 

33-9C 

rP.3 

SIZE  1 

IN.  (See  Options) 

hl-h° 

x°.  3 

SIZE  2 

IN.  (See  Options) 

IjO-Cf 

L"P  3 

HIGH  PRESSURE  AREA 

IN? 

57-  (A 

18.3 

LOW  PRESSURE  AREA 

IN? 

65-72 

F8. 3 

SEAL  FRICTION 

LB. 

73-80 

BLANK 

— 

EXAMPLE 


TYPE  91  APPENDIX  RESERVOIR  DATA  INPUT 
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3 | 3 3 3 4 3 3 3 3 |i  3 3 3 3 3 3 3 |l  3 3 3 3 3 3 | 3 3,1  3 3 3 3-3  3 3 3 
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t r,  E C C » S C C 6 


5 5 5 5 5 
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I I I 1 I 

i:|u 


I I I I M I I I I -• 
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2.1.4.23  Type  92  - Constant  Pressure  Reservoir 


Size  1,  Size  2 

Option  1 (Boss  for  Tube  Size  in  16ths  of  an  in.) 

Example:  12  * 12/16  in. 

Option  2 (Boss  I D.  in  in.) 

Example:  0.609  in. 


ELEMENT  TYPE  92  - CONSTANT  PRESSURE  RESERVOIR 
The  Type  92  reservoir  is  a constant  pressure  flow  through  reservoir. 
Its  purpose  is  to  provide  a constant  reference  pressure  flow  through 
reservoir.  Its  purpose  is  to  provide  a constant  reference  pressure 
regardless  of  the  changing  flow  rate  caused  by  a system  demand. 

One  card  is  required  for  data  input.  The  in  and  out  junction 
numbers  and  port  sizes  are  entered  along  with  the  constant  pressure 
value  on  this  card. 
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CARD  FORMAT 


ccur: 

rrpfA t 

! A TA 

1 

11 

(NUMBER  OF  CARDS)  1 

2-P 

7X 

BLANK 

— 

9-16 

IP.  3 

(ELEMENT  TYPE)  92. 

— 

17-?'' 

1°.  1 

JUNCTION  1 

— 

?5-32 

FP.3 

JUNCTION  2 

-- 

33-'tC 

IT.  3 

SIZE  1 

IN. (SEE  OPTIONS) 

M-AP 

^.3 

SIZE  2 

IN. (SEE  OPTIONS) 

ho-  56 

r° . 3 

PRESSURE 

PSI 

57-  80 

— 

I-p,  3 

BLANK 

— 

EXAMPLE 


TYPE  92  CONSTANT  PRESSURE  RESERVOIR  DATA  INPUT 
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5 0 ? 0 0 • C 


PPCPPCCP 

. 'V  •»  I ’•  t> 

m n m 11 
::???:?? 
3 3 j 3 3 3 2 3 

44444444 

• t 5 5 i 1 b , 
6 F i f f 6 £ F 
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2,1.5  End  Card 

The  end  card  for  the  data  deck  Is  the  last  data  card.  An  integer  1 is 
placed  in  Column  1 and  the  0.  in  column  9 indicates  the  end  of  data. 


'OLUf'i'-L 


2-8 


9-16 


17-80 


FCPJ-'A  T 


T1 


7X 


FP.3 


i c 


ENTER  1 


BLANK 


ENTER  0. 


BLANK 


EXAMPLE  END  CARD 


a » ji  2?  ii  H2i  jr  ;i  h » ji  j:  js  sa  ss  S<  sr  m s*  ac  ai  a?  ai  <«  o a«  <t  <t  sc  s sr  u sa  si  m %r  u *t  to  a a i • » *4 


•?  ' • ’*  't  d '0  n t : 7)  t*  » 2%  *7  re  r»  xs  v sr  ss  sa  » sa  >r  sa  n «o  a < «i  as  aa  ai  u o aa  «i  so  s sr  ss  sa  -s  ra  sr  ••  si  i< 


c o o c o;s  c a o 
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| i t i >) i t i i 
27727727? 
) 3 J 3 3 3 3 3 3 

4444444 : S 

I i i »J|  it 
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1 ! 1 1 M 1 1 1 1 1 ! 1 1 1 
7 2 2 2 2'2  2 2 2 7 3 2 2 2 2 

3 3 ■ 3 n 3 3 

3 3 3 3 3 

4 4 4 4 4 4 4 4 4 4 

1 4 4 4 4 

s'  t n in?: 

i n :i  .i 

|rj  5 5 5 5;5  5 5 5 5 

,5  5 5 5 5 

i 

j 6 u 6 8 8 6 6 6 G 

5 5 6 6 6 

M COONNCLL 

1 1 1 j j 1 1 1 j ni  1 1 ; i;i  1 1 1 i 


i . in  u hi  n ii  u ii 

1 I 1 1 I 1 I I I 1 

2 2 7 2 2 2 2 7 7 7 
3133333333 

4 4 « I 4 I 4 4 4 4 
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3555555553 
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AU  TOM  AT  ION 

J 1 I 1 7 12  J T 7 J ' 
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5555555555 
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COMPANY 

1 I 1 1 111  ) 2 1 7 


060000000  0 0 0 0 0 0|S  0 Q C C; 

II  If  II  II  II  11  VI  VI  II  ll!ll  VI  VI  VI  l.ll  II  II  H II, 


6(3  I 1 9 i 3 6 I I b <3  1 6 8 B '3  6 8 8 6 3 6 8 ! M I ! ! ! » 1 6 U 
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4444444444 

i ' ii  n n ii  ii  ii  n n 
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I 666665666 
I i 1 1 1 1 1 1 1 7 

i , ! ! II  I 6 I 3 


I I 1 1 I I 1 I II 
2222272222 
3333333313 

4 4 4 4 4 4 4 4 4 4 

il  i n u i • II  U II  l‘ 

5 5 5 5 5ji  5 5 5 5 
6656666566 
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iniiinii 


0 0 0 0 0,6  6 6 0 5 0 0 6 60 

II  If  II  II  I II  ili'l  ; II  I 1 
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i i 
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it  i1  n ii  ,i  1 n '■!  i i n 

55555  ji  5555  5 5555 

6 6 5 5 6'S  6 6 6 6j(  « 6 6 6 

1 1 1 1 1 1 1 1 1 i;i  1 1 1 1 
I I 

3 8 • B I 8 8 3 8 8 3 8 8 I I 


3 9 1 9 9,9  9 9 9 9|M  I 9 3,3  9 9 9 3|n  9 9 9,3  9 9 9 9|3  3 9 9 9,3  9 9 9 9|9  9 9 9 S,  99.  ,9  9399 ,9  9939  9999 ,9  9999  ii  9999 19  9999  * 

' / i * > * ’ i * 1 " 'Ml  m f»  • 4 it  » ..  . ) :i  .i  J t . ))  .«  .>  it  )'  a , ii  r tj  »;  ii  is  .i  6»  si  y >.’  a h » si  w \t  >i  u i-  r u *■  i.  tt  t»  u » a i i '»  u it  i -i  a. 


2.1.6  Program  Deck  and  Input  Data 

The  program  deck  and  data  cards  are  assembled  as  shown  in  Figure  2-6. 
The  first  six  cards  and  the  end  card  must  be  in  order  in  the  data  deck.  The 
element  cards  may  be  in  random  order. 


End  Card 
Element  Data 


Card  6 System  Temperature 
Altitude  Data  Output 


Card  5 Fluid  Density/Temperature 


-Card  4 Fluid  Temperatures 
-Card  3 Fluid  Viscosities 
- Card  2 Fluid  Name 
- Card  1 Program  Title 


s—  SSFAN  Program  Deck  with 
Subroutines  and  Control  Cards 


P ’40772  >0 


FIGURE  2 6 

SSFAN  PROGRAM  DECK  AND  INPUT  DATA 
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3.0  PROGRAM  OUTPUT 


For  illustration,  simple  hydraulic  systems  of  the  types  shown  in  Figures 
3-1  and  3-8  are  modeled  to  indicate  the  types  of  output  which  may  be  obtained 
with  SSFAN.  Normal  input  parameters  set  the  system  characteristics  or 
resistances  in  each  leg  for  the  input  conditions  of  fluid  type  and  tempera- 
ture and  flight  altitude.  The  network  flow  balance,  pressures  at  branch 
points  and  leg  pressure  drops  are  calculated  for  this  one  set  of  conditions. 

Program  Output  is  of  4 basic  types.  Type  1 output  is  the  individual 
element  data  that  was  input  to  the  program.  This  may  be  used  for  reference 
when  first  setting  up  the  system  to  ensure  that  the  data  was  input  correctly. 
Type  2 output  prints  the  junction  numbers  at  each  end  of  a leg  in  the  system 
with  the  calculated  flow  and  pressure  drop  also  printed  for  the  legs, 
type  3 output  prints  the  pressures  at  each  junction  point  or  end  point  in 
the  system  along  with  the  name  of  the  junction  point  or  end  point  element 
and  its  associated  junction  point  number(s),  Tvpe  4 output  is  a special 
type  output.  There  can  be  many  variations  of  this  output,  many  of  which  are 
not  developed  at  the  present.  An  example  of  type  4 output  is  to  establish 
the  system  resistance  characteristics,  then  vary  one  parameter  such  as 
altitude  or  fluid  temperature  by  making  multiple  runs  and  study  the  pump 
and  reservoir  pressure  and  flow  variations. 

3. 1 SSFAN  Sample  Case  Number  1 

Sample  case  number  1 is  the  simple  hydraulic  system  shown  in  Figure 
3-1.  This  is  a 2 actuator  load  system  with  the  solenoid  valve  in  position 
to  extend  the  actuators  each  against  a 1000  pound  load.  The  actuators  are 
the  unbalanced  area  type  and  are  of  different  sizes.  The  pump  is  a variable 
delivery  type  operating  at  3?50  RFV  with  a rated  flow  of  30  gpm  at  this 
RPM.  rhe  reservoir  is  a flow  through  type  with  bootstrap  pressure. 

Figure  3-?  shows  a typical  first  page  data  output  page  giving  the  input 
title,  fluid  name,  temperature,  and  altitude.  The  viscosity  and  density 
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FIGURE  3 1 

SSFAN  SAMPLE  CASE  NUMBER  1 

2 Actuator  Subsystem 
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are  the  calculated  atmospheric  values  at  the  input- temperature. 

Figures  3-3  and  show  the  input  data  which  was  sorted  and  stored 
into  the  individual  element  arrays.  This  is  output  type  1.  It  may  be 
noted  in  Figure  3-3  under  Line  array- Type  1 the  individual  input  bend  angles 
are  not  included.  These  were  converted  to  equivalent  length  (FQLT), 
summed  and  stored  to  minimize  required  computer  storage  locations. 

Figure  3~5  is  an  example  of  output  type  2.  The  junction  numbers  at  leg 
ends  correspond  to  the  numbers  of  Figure  3-1  block  diagram.  For  example, 
for  leg  10-35.  this  is  the  leg  that  starts  at  the  pump  pressure  out  port 
and  ends  at  the  downstream  tee  (reservoir  bootstrap  pressure  tee).  The 
pressure  drop  in  this  leg  is  9.23  psi  and  the  flow  is  10.74  gpm.  It  may 
be  noted  that  the  bootstrap  pressure  line  (45-260)  an'-'  the  accumulator  line 
(65-295)  have  0.  flow  and  0,  pressure  drop.  Also,  looking  at  the  reservoir 
return  line  (230-250)  and  the  pump  suction  line  (265-5),  system  flow  is 
being  made  up  for  the  system  from  the  reservoir  because  the  unbalanced  area 
actuators  are  extending. 

Addition  of  flows  will  show  that  the  flows  are  balanced  within  .01  gem. 

Cf  course  the  flow  changes  across  the  pistons  of  the  unbalanced  area  actuators. 

The  flow  at  the  Dump  is  balanced  where  the  flow  out  the  pressure  port 
(10.74  gpm)  plus  the  case  drain  flow  (.82  gpm)  equals  the  flow  in  the  suction 
port  (11.56  gpm) . 

Figure  3-6  gives  pressure  point  data.  The  pump  case  pressure  (junction  15) 
is  seen  to  he  86.34  psi  which  is  established  at  this  level  because  of  the 
return  system  flow  gradient  and  the  restricted  case  drain  line.  The  overall 
effect  is  to  increase  the  3000  psi  rated  pump  pressure  out  to  1027.50  because 
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FIGURE  3 3 

I XAMPLE  SSFAN  OUTPUT  TYPE  1 
ELEMENT  INPUT  DATA 
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FIGURE  34 

EXAMPLE  SSFAN  OUTPUT  TYPE  1 
ELEMENT  INPUT  DATA 
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EXAMPLE  SSFAN  OUTPUT  TYPE  2 
FLOW  AND  PRESSURE  DROP  IN  BRANCH  LEGS 


rvj 

o 


M 


Ul 

O 

r» 

»-« 

o 

0“ 

•-H 

— 

IO 

*■ 

o 

a 

CD 

ft  — 

Ai 

*o 

INJ 

«o 

(TV 

»r> 

*0 

r* 

»r> 

*> 

© 

m 

m 

tr\ 

r>o 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

0 

• 

• 

• 

• 

• 

• 

to— 

r*. 

CD 

fO 

OD 

«o 

irv 

*• 

#n 

a- 

•a 

fSJ 

(Vi 

o 

toco 

H 

© 

H 

© 

z> 

z> 

© 

o- 

*v 

o- 

o 

ro 

r- 

CD 

irv 

\rs 

10 

Uift 

O 

o 

0“ 

O 

a 

»-* 

CD 

esj 

CD 

■£> 

o 

O 

ft  — 

fO 

CO 

fM 

fO 

fVJ 

C\J 

*-« 

•H 

esj 

r-< 

a 


z 

o 

ft. 

u Oft 

ft  MUl 

© ►-o. 

to  or 

is>  z 3 

tu  DZ 

a 

ft. 


o © 

*r  <3 


I I f 


Otr'U'OiT'C^OO 

^ « <c  <r  cr  cr  © <\i 

CM  ^ 


I I 

• • 

IT 

«»>  »r> 


• • 
IfN  © 
»f\  m 
H <NJ 

I I 


iriOif'Oif'tf'Cir'ir 

H H ftl  ftj  K' 

I I 

• • 

IT  O 
h H 
H «M 


©Z 

Zu 

UjT 


r -< 

ou 


» 

r> 


> Or  or  3 

a>  _ / _/  u;  o t->  t_> 


> > ft. 

f 

Ui  UJ  © 

a ft  ft 


at 

AC 


3-8 

\ 


FIGURE  3-6 

EXAMPLE  SSFAN  OUTPUT  TYPE  3 
PRESSURES  AT  BRANCH  POINTS  AND  END  POINTS 


the  pump  compensator  is  referenced  to  the  case  drain  pressure.  The  reservoir 
internal  pressure  may  be  seen  to  be  52.39  psi  and  the  suction  pressure  at 
the  pump  is  50.58  psi.  Pressure  point  values  are  normally  stored  and  output 
for  actuators  at  the  flow  in  port  only;  however,  the  pressure  at  the  other 
port  may  be  output  under  an  output  Type  4. 

Figure  3-7  shows  an  example  of  output  Type  4 which  prints  the  pressures 
and  flows  around  the  pump,  reservoir  and  all  actuators. 

3. 2 SSFAN  Sample  Case  Number  2 

Sample  case  number  2 is  similar  to  sample  case  number  1,  except  that 
a third  actuator  has  been  added.  The  configuration  in  Figure  3-6  illustrates 
a more  complex  circuit  for  analysis  because  it  is  not  just  another  parallel 
load  to  the  original  2 actuators.  It  tees  into  the  actuator  2 return  loop 
before  actuator  2 completes  its  circuit  with  actuator  1.  This  type  of  network 
cross-branching  is  readily  handled  by  the  SSFAN  solution  technique. 

Figures  3-9  and  3-10  show  the  output  Type  2 flows  and  pressure  drops 
and  the  output  Type  3 pressure  point  data  respectively.  These  results  show 
data  very  similar  to  the  sample  case  1 data  except  there  are  more  legs  and 
branch  points. 

Figure  3-11  shows  an  output  Type  4 for  the  example  system. 
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FIGURE  3-7 

EXAMPLE  SSFAN  L TEST  CASE  OUTPUT  TYPE  4 
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FIGURE  3 8 

SSFAN  SAMPLE  CASE  NUMBER  2 

3 Actuator  Subsystem 
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FIGURE  3-9 

EXAMPLE  SSFAN  OUTPUT  TYPE  2 
FLOW  AND  PRESSURE  DROP  IN  BRANCH  LEGS 
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FIGURE  3-10 

EXAMPLE  SSFAN  OUTPUT  TYPE  3 
PRESSURES  AT  BRANCH  POINTS  AND  END  POINTS 
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FIGURE  3-11 

EXAMPLE  SSFAN  TEST  CASE  OUTPUT  TYPE  4 


3.  3 Other  Output  Types 


Other  type  outputs  are  currently  being  studied.  SSFAN  data  has  been 
output  in  computer  plot  form  for  specific  case  studies.  This  method  is 
being  studied  for  feasibility  as  a general  SSFAN  output  type.  These 
include  studies  of  subsystem  operating  times  with  variations  of  load  and 
fluid  temperature. 


